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FEASWIUTY STUDY _ 
AMERICAN CHEMICAL SERviCES NPL SITE 

GRIFF'iTH, INDIANA 

SECI10N1.0 
INTRQDUCDON 

1.1 Autboription, Pumose. and ScOJJe 
The Comprehensive Enwonmental Response, Compensation and liability Act of 1980 
(CERCLA), bas established a fund for the investigation and clean-up associated with 
uncontrolled hazardous waste sites. CERCLA requires the United States Environmental 
Protection Agency (U.S. EPA) to evaluate remedial activities, to determine the 
appropriate extent of the activities, and to d~termine that remedial measures are cost
_effective. Such remedial measures must, to the extent practicable, be in accordance with 
the National Oirand Hazardous Substances Pollution Contingency Plan (NCP). 

The U.S. EPA bas autbority,and responsibility for canjing out'these requ~rements under 
CERCIA as amended by the Superfund Amendme~ts aed Reauthorization Act of 1986 
(SARA). The provisions for enacting the requirements of CERCLA appear in the NCP 
(40CFR300). 1; 

- - ~ 

After discovery of a poSSible uncontrolled Site, a pre!~ determination is made as to 
whether the Site presents or may present a threat to the. public health or the 
environment. If additional action is determined to be warranted, the U.S. EPA may 
place the Site on the National Priorities List (NPL) of hazardous ~te sites. Additional 

·work may then be undertaken to better define potential problems, to develop and 
evaluate possible solutions, (remedies) and to select an action based on the study results. 
This process for s~lection of remedial measures consists of the following three major 
elements: 

Remedial Investigation (RI)--During the Rl, data is collected to define Site 
conditions, including the extent of releases from the Site and the character of 
source materials. Data on releases are evaluated to assess the potential effects 
of releases on public health and the environment. 
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Feasibility Study (FS)--In the FS, a number of potential remedial alternatives 
are developed, evaluated against. a range of factors, and compared against one 
another. 

Selection of Remedy-The U.S. EP ~ in consultation with the State of Indiana, 
will indicate a pre.ference for a particuJar remedial a1temative, and prepare a 
Proposed Plan for the Site. This ·Plan, together with the RI and FS reports and 
other documents, are placed in the administrative record for review and 
comment by the public. The U.S. EPA makes a final selection of the remedy for 
the Site after the comments are reviewed, considered, and addressed .. 

This Remedial Investigation/Feasibility Study is being conducted by Warzyn Inc. 
(Warzyn) of Chicago, Illinois under contract with certain of the Potentially Responsible 
Parties (PRPs) tQ perform RI/FS activities for the ~erican Chemical Services (ACS) 
Site. The Remedial Investigation element of the process has been completed. This 
Feasibility Study presents and evaluates alternatives for remedial action at the Site. 

1. 1.1 Report Oraanization 
This report is organized in five sections. Section 1 is an introduction and summary of 
work, conducted during the Remedial Investigation. Remedial action objectives are 

· defined, and remedial action technologies are identified and screened in Section 2. 
Section 3 presents a preliminary screening of remedial action alternatives. The 
alternatives that are carried forward in Section 3 are evaluated in detail in Section 4. 
Section 5 presents a comparative analysis of the alternatives evaluated in Section 4. 

L 1.2 Site Description 
The American Chemical Services (ACS) NPL Site (Site) is located at and near 420 South 
Colfax Avenue in Griffith, Indiana. The Site is located in the northeast one-quarter of 
the southeast one-quarter, Section 2, Township 35 North, Range 9 West, Lake County, 
Indiana (Figure 1-1). Although the Site name is ACS, the United States Environmental 
Protection Agency (U.S. EPA) }1as defined the Site as including the ACS property (19 
acres) the Pazmey Corporation property (2 acres; formerly Kapica Drum, Inc.) and the 
inactive portion of the Griffith Municipal Landfill (about 15 acres). 
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Six areas of probable waste disposal have been identifie~ at .the Site, based on 
preliminary reports and the review of aerial photop.pbs. These six areas have been 
assigned the following designations by U.S. EPA and ACS management: the On-Site 
Containment Area, the Still Bottoms Area, Treatment Lagoon # 1, the Off-Site 

Containment Area, the. Kapica/Pazmey Area, and the Griffith Municipal Landfill. 
These designations will 'be used throughout ~his repdrt to facilitate discussions about the 

Site. The location of each area is illustrated in Figure 1-2. 

'1.1.3 Hisor.y of Site Operations 

ACS began operations as a solvent recovery facility in May 1955, and according to ACS 
persorinel, solvent reclamatiqn was the only operation performed on-Site until the late 
1960s. Solvent recover}' remained the principal operation at ACS throughout its history. 
Small ba~ches of specialty chemicals were first n:tanufactured at ACS in the late 1960's 

and early 1970's. ·These early manufacturing operations included treating rope with a 
fungicide, bromination, and treating ski cable. 

ACS installed its .first incinerator in 1966, and a second in 1969. The incinerators were ' 
used to burn still bottoms and non-reclaimable materials generated at the Site, and off

Site wastes. The incinerators were located on .the eastern side of the ACS compound, 

south of the On-Site Containment Area and west of Colfax Avenue. The incinerators 
were removed, from the Site in 1970, when their operation was discontinued. 

Between 1970 and 1975, the batch manufacturing processes were expanded. A lard oil 
process which utilized tallow and animal rendering was used to manufacture a lubricant 

product. In 1971, an additive manuf~cturing area was built. Various detergents, 
lubricants, and chemical additives were manufactured,. in addition to soldering flux. An 

epoxidation plant was constructed in 1974. 1be epoxidation process creates a plasticizer. 

The ACS facility ceased to perform solvent recycling in September, 1990. Until that time 
it operated under RCRA interim status. A closure plan has been prepared for the final 
closure of the Site. The nature and extent of actions required of the owner and operator 

in respect to the RCRA closure has not been finally determined. 
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The Griffith Municipal Landfill has been an active solid waste disposal facility since the 
1950's. Kapica Drum, Inc. began operations in 1951. Operations at Kapica Drum, Inc. 
consisted of drum reconditioning. Kapica Drum was sold to Pazmey Corporation in 
February 1980. The Pazmey Corporation property was sold to Darija Djurovic in March 
1~~ . 

1.1.4 History of Site Diaposal Practices 
Still bottoms from the solvent recovery process were originally diSposed of in the Still 
Bottoms Pond and Treatment Lagoon #1. The Still Bottoms Pond and Treatment 

. ' ' 

Lagoon #1 were taken out of s~niice in 1972. At this time, these two areas were drained 
and filled in with drums partially full of sludge materials. 

Between 1958 and 1975, the Off-Site Containment Area was utilized as a waste disposal 
area. A variety of wastes were disposed of in this area, including the still bottoms from 
the Still Bottoms Pond .and Treatment Lagoon #1. Between 1968 and 1970, wastes ·from 
on~Site incinerators were disposed of in this area. General refuse, drums, and a tank. 
truck partially full of solidified paint were also repeatedly disposed of in the Off-Site 
Containment Are·a. It has been reported that the drums were punctured prior to 
disposal. 

Use of the Off~Site Containment Area was discontinued in 1972, and the area was 
reportedly capped with 2 to 3 feet of soil. 

. 
During the mid-1960's, landfilling of drums was performed in the On-Site Containment 
Area (See Figure 1~2). Approximately 400 drums containing sludge and semi-solids of 
unknown types were reportedly disposed of in the On-Site Containment Area. 

' 

The incinerators previously mentioned operated between about 1966 or 1968 and 1970. 
Over this time period, approximately.2 million gallons of on:.Site and off-Site waste were 
reportedly burned per year in the incinerators. 
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As part of the November 1989 environmental audit of the ACS facility by Warzyn, ACS's 
Part B permit application and records of past co~pliance inspectio~ by IDEM were 
reviewed. The audit r~port, presented in Appendix B of the Rl, describes several 
potential sources and possible documented occurrences of spills at the. ACS Site which 
occurred after 1975. ACS reported that it did not have knowledge of any spills occurring 
after 1975. 

1.1.5 Previous lnyesD&ations 
The first documented regulatory agency concern for the ACS facility was apparently 
expressed by the Indiana State Board of Health (ISBH) on April.12, 1972. 

U.S. EPA activities involving ACS began in February of1980.' At this time, U.S. EPA 
Region V made an Identification and Preliminary Assessment of ACS as a potential 

hazardous site (COM, 3/26/85). 

The first sampling at ACs by U.S. EPA w~ performed in May 1980 by the U.S. EPA 
Environmental Emergency and Investigation Branch. This sampling event centered on 
the Off-Site Containment Area and the Griffith Landfill. Samptes·were obtained of soil, 
leachate and surface water (USEPA, 5/8/80). A van~ty of organic comJ)ounds were 

found present in the samples analyzed, including ph4oot, isophorone, naphthalene, 
fluorene, phenanthrene, anthracene, bis (2-chloroe~ ether, and phthalates (COM, 

3/26/85 arid Weston, 10/23/89). 

On September. 9, 1980 an on-Site inspection/investigation was performed by the U.S. 
EPA Field Investigation ·Team (FIT). Noted during this investigation were a leachate 
spring along. the northeast. side of" the Off-Site Containment Area, vegetation damage, 
and partially exposed drums (Ecology and Environment, 9/11/80). 

In July, 1982, the U.S. EPA FIT installed four monit~rbig wells near the Off-Site 

Containment Area and the Griffith Landfill. Sampling of these wells indicated the 
presence of several VC?latile organic compounds, including chloroethane, benzene, and 
vinyl chloride (Weston, 12/84). 
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In June,, 1983, an HRS score was assigned to the ACS Site. This score consisted of: 
Groundwater Route Score, 59.86; Surface Water Route Score, 8.89; Air Route Score, 
0.00; Overall Average Score, 34.98. 

On November 29, 1984, a site assessment of the ACS Site was perfonned by the U.S. 
EPA Technical Assistance Team (TAn. This site assessment centered on the Off-Site 
Containment Area and T~eatment Lagoon #1. 

In 1984, ATEC Associates, Inc. (ATEC) performed a Preliminary Hydrogeologic Site 
Assessment for ACS. This investigation consisted of the installation of soil borings, 
monitoring wells, groundwater sampl,ing and analysis, water level measurements, and a 
site geophysical survey. Organic chemicals detected in the groundwater monitoring wells 
included benzene, ethylbenzene, toluene, and other acid/base/neutral compounds 
(ATEC, 1/14/85). 

On June 1, 1989~ the U.S. EPA TAT conducted sampling at the Griffith Landfill. Two 
surface water samples, and one soil sample were collected. Numerous VOCs were 
detected in the samples, but were also detected in the blanks. Acid/base/neutral 
compounds were detected in one of the water san1ples (Weston, 10/13/89). 

An RI was conducted by Warzyn beginning in 1989. The investigation inCluded drilling 
soil borings, installing monitoring wells and piezometers, excavating test pits, and 
collecting samples of surface water, groundwater, surface soil, sediments, buried waste 

and subsurface sriil. Samples were also collected from domestic wells located in the 
vicinity of the Site. Sampling locations from the RI are shown in Figures 1-3 to 1-6.-

A RCRA Closure Plan for ACS's current tank farms covered under its Interim Status 
Permit was submitted to the IDEM in October of 1990. The proposed Closure Plan 
included the emptying and cleaning of all storage tan~s and ancillary piping and 
equipment covered under· the Interim Status permit.· It did not include any subsurface . ' 

soil or groundwater sampling. The proposed Closure Plan.also did not address otlier pre 
or post-1975 areas of the Site that could also be defined as solid waste management units 
(SWMUs) under RCRA. It is not known if a final closure plan has been approved by the 
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L IDEM. The "Solids Mixing Area" located on the northern portion of the Site has been 

undergoing closure under a separate Closure Plan. The status of the "Solids Mixing 

Area" closure is not known. 

v -

-
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1.2 PbystcaJ Setttna 
1.2.1 Re&ional Geolou 
The ACS Site is located in northwestern Indiana within the Calumet Lacustrine Plain, a 

subdivision of the Northern Moraine and Lake Region (Hartke, et al., 1975). A variety 

of unconsolidated materials are found within the limits of the Calumet Lacustrine Plain. 
' . 

These materials include fine lake silts and clays, paludal muck and peat, beach and dune 
sands, sand and gravel outwash, and glacial tills. 

The glacial deposits in the immediate Site vicinity are approximately 130 feet thick. 

These deposits have· been subdivided into four units: an upper sand and gravel unit, an 

intermediate clay unit, a "tower sand and gravel unit, and a lower clay till unit which 
directly overlies bedro'Ck. The uppermost bedrock in the Site vicinity consists of the 

Devonian Detroit River and Traverse Formations, composed of li~estone wi~h some 

kar8t (COM, 3/26/85). 

1.2.2 Site Gegloay 

Three geologic units have been identified within the ~cial deposits at the ACS Site. 
These units are: an. upper sand and gravel unit, an inf1rmediate silty clay unit, and a 
lower sand and gravel unit. The stratigraphic relationships among these units are . ' ' 

illustrated in Figures 1-7 through 1-10, which are cross-sections of the ACS Site (Figure 
1-11 is the cross-section location map). 

.-
The Upper Sand. and Gravel Unit at the Site generally consists of a brown to dark gray, 
fine to coarse sand with trace to little fine to coarse gravel, trace clay, and trace silt. In 

the Site monitoring wells, the Upper Sand and Gravel Unit ranged in thickness from 

about 13 to 32 feet, with an average thickness of about 17 feet. 

., 



Feasibility Study 
American Chemical Services NPL Site 

June 22, 1992 
Pap: 1-8 

The clay layer found underlying the Upper Sand and Gravel Unit at the Site has been 

classified as a gray· silty to lean clay with trace to some fine to medium sand and trace 
fine to coarse gravel. The _silty clay layer was found to range in thickness from an 
estimated minimum of 2.5 feet at boring CB-1 to a maximum thickness of 18.1 feet at 
monitoring well MW·7. 

The Lower Sand and Gravel Unit at the Site consists.of a·brown to dark gray fine to 

coarse sand with trace to some gravel and trace silt and pebbles. The full thickness of 
this unit was not penetrated i'n any of the borings performed for the Rl. However, the 
driller's log for an on·Site water supply well indicates that this uni~ extends to bedrock at 
the Site. Bedrock was not encountered in any of the borings performed for the Remedial 
Investigation. 

1.2.3 Re&ional Surface Wiater Hydroloif 
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Regional information suggests that the ACS Site is lOcated on a surface water divide. To j 
the north, the runoff flows into Lake Michigan; runoff from the other directions flows 
into tributaries of the Mississippi River. Site data indicate that the ACS Site lies entirely 
within the southern drainage basin. J 

The U.S. Geological Survey topographic map of the region indicates that the local 

surface drainage is from the north to the southwest. The elev~tion of the ground surface 
is greater than 635 feet north of the Site, and slopes generally down to 630 feet west and 

south of the Site. The natural drainage appears to have been into a wetland located a 

mile south of the Site. Turkey Creek, which flows west to east approximately one mile 

south of the Site, is adjacent to the southern border of the wetland and these wetlan~s 
· and Turkey Creek are hydrologically connected. . There appears to be no direct surface 

water connection between the Site and local streams or lakes. However, groundwater 
does discharge to the wetlands south of the Site, and those wetlands are drained by 

Turkey Creek one. half to a mile further to the south. 
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Data collected for this investigation also indicates that surface water runoff is toward the 

west and south. Deter~ination pf s~rface water runoff patterns is based on 
measurements at ten staff gages placed across the Site. 

Surface water flows past the Site from north to south. A drainage ditch flows into the 
Site at the northern boundary directly north of the western ACS fence line, flows west 
along the northern Site boundary and into the drairiage ditch cut north to south through 

the marsh west of the Site. In the current Site configuration, there is no indication of 
surface water runoff from the Site as a whole. All ·surface water runoff appears to be 

contained within the Site boundaries in the form of internal drainage or infiltration. The 
wetlands, groundwater and surface water may be interconnected and provide for the 
minor off-site release of contaminants. 

1.2.5 Re&ional Hydro&eolo.&Y 
Three hydrostratigraphic ·units have been identified in the glacial deposits in the Site 

vicinity. These units include, in descending order, an uppermost aquifer (Calumet 

Aquifer), a claY. confining layer and a lower aquifer (Valparaiso Aquifer). 

The uppermost aquifer in_the Site area is the Calumet Aquifer. Based on regional 

information (Hartke, et al., 1975), this aquifer is oomposed of sand and gravel, ranges in 
thickness from 5 to 75 feet and exhibits an average thickness of about 20 feet . Regional 
flow in the Calumet Aquifer is to the ~orth or to streams or drainageways which intersect 
the aquifer. 

Beneath the Calumet Aquifer is a clay till. The clay· till ranges in thickness from 

neglig.ble to about 50 'feet in others. Where present, the clay till is regarded as ~n 
aquitard, separating the shallow Calumet Aquifer from the underlying Valparaiso 

Aquifer. 

The lower aquifer in the Site area is the Valparaiso Aquifer. The Valparaiso Aquifer is 
composed of sand and gravel, and, ranges from about 10 to about 90 feet in thickness, 
(based on regional iDformation (Hartke et al., 1975)). Water well logs indicate that the 
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lower aquifer may be in excess of 50 feet thick in the Site vicinity. Regional flow in the 
lower aquifer is to the north beneath the Site. 

The majority of the private wells in the immediate Site vicinity draw water from the 
lower aquifer. 

Limestones, dolomites, and. shales of Silurian and Devonian age compose the s~allow 
bedrock aquifer in the Site area. Private well logs indicate that the shallow bedrock 
aquifer is encountered at a depth of about 130 feet at the Site. 

1.2.6 Site Spegfic HydiQ~ColO&Y · 
Monitoring wells, piezometers, Ic;achate headwells, and surface water staff gages were 
installed at the ACS Site to investigate the hydrogeologic setting. The locations of these 
devices are illustrated in Figure 1-5. 

Up_per Aquifer. Grain size .analysis performed on upper aquifer' samples indicated t~at 
the samples were more than 80 percent sand, with the exception of one sample from 
MW -5 which consi$ted of 43 percent gravel. Little gravel was found in the other 
samples, and only trace amounts of clay and silt. 

In-si.tu hydraulic conductivity (permeability) tests were conducted at monitoring wells 
constructed for this investigation.. Average pe_rmeability values (K) calculated for the 
upper aquifer material are: · 

Geometric Mean: K = 7.9 x to-3 ft/min 
4.0 x to-3 em/sec 

Two distinct ranges of. permeability are' evident when the data from the in-situ hydraulic 
conductivity testing is plotted on a site base map. The permeability appears to be 
significantly greater along the eastern part of the Site than in the monitoring wells along 
the western part. Based. on the in-situ aquifer tests,· the average values for the 
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permeability in' the upper aquifer on the east and west side are as follows: 

East side Mean: K = 1.5 x to-2 ft/mi:il 
7.6 x to-3 em/sec 

West side Mean: K = 2.9 x to-3 ft/min 
1.5 x to-3 em/sec 

This permeability difference is supported by permeability calculations made with the 
Hazen equation, as detailed in the RI Report, and by observation of coarser grained . 
upper aquifer materials in the soil borings made on the east side of the Site. 

Water level measurements were made on· numerous occasions during the course of the 
remedial investigation. Figure 1-12 presents a groundwater table map constructed for 
the upper aquifer at the Site. 

There are four primary hydraulic controls in the upper aquifer flow pattern which are 
superimposed to create the observed potentiometric surface: 1) the regioqal gradient; 2) 
discharge to drainage ditches; 3) de-watering activities at the landfill; and 4), recharge 
which occurs primarily at the cleared and filled areas. A fifth minor control, is a ditch 

' ' 

which extends northward from staff gage SG-1 for several hundred feet and· discharges 
into a mm:shy area having an elevation below 630 feet. 

In ~1 the watertable maps for this investigation, the fire pond has consistently exhibited 
the highest water elevation, and the potentiometric contour lines decline with distance 
from the pond. This pattern indicates that the primary groundwater flow at the Site is 
radially outward from the fire pond. There are minor seasonal differences in. the· flow 
pattern. However, a si~ar radial pattern is observed, both during the wet season and 
during the dry season. 

Groundwater flow in the upper aquifer can be represented by the five flow paths 
identified on Figure 1-13. Radial groundwater flow from the fire pond mound is 
represented by three "spokes" extending outward. Two supplemental flow paths are also 
shown. Groundwater flow path#~ is from the On-site Containment area, northwest · 

/ 
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toward the drainage ditch-in the vicinity of staff gage S~-5. Groundwater flow path #2 
flows from the fire pond mound west toward discharge in the landfill excavation. 
Groundwater flow path #3 begins in the still bottoms area and flows southwest towards 
the landfill excavation. Groundwater flow path #4 begins beneath the fenced ACS 
facility, curves beneath the Off-Site Containment Area, and discharges to the small 
drainage ditch and the landfill excavation. Groundwater flow path #5 is to the east, 
outside the influence ·of the Fire Pond mound It represents the regional flow which is 
diverted to the south by·the groundwater mounding. 

Calculations of groundwater seepage velocity in the upper aquifer have been made along 
each flow path.These calculations indicate that groundwater flow rates at the Site vary 
from about 20 feet/year to about 250 feet/year in the upper aquifer. 

Lower AQJ.Jifer. Eight monitoring wells have been instal1ed in· the lower aquifer at the 
ACS Site. Groundwater elevations measured in these wells on several occasions 
illustrate a consistent north trending gradient. The potentiometric surface of the lower 
aquifer is illustrated in Figure 1-14. 

In situ hydraulic conductivity (permeability) tests were conducted at four lower aquifer 
monitoring wells. The permeability (K) values of the lower aquifer material ranged from 
4.2xto-2 ft/min at MW-9 to4.6xto-3 ft/min at MW-7 and MW-10. The geometric mean 

I 

value for the four tests is: 

Geometric Mean: K = 4.4 x to-2 ft/min 
3.2 x lQ-2 em/sec 

Assuming a horizontal hydraulic gradient of 0.00063 and a hydraulic conductivity value 
of 4.4 x .to-2 ft/min, a groundwater seepage velocity of 73 ft/year was calculated for the 
lower aquifer. 

Vertical Gradients. Differences in groundwater elevation between the upper and lower 
aquif~r of 9 to 13 feet were measured in the Site monitoring wells. Downward vertical 
gradients were calculated between the upper and lower aquifer across the clay confining 
layer. These calculations assume that head loss occurs only across the thickness of the 
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Potential L&aka&e across the Clay Confinin& J...aij;r. Estimates of potential vertical 
leakage across the clay confining layer were calculated using a hydraulic conductivity 
value of 4.8 x tct8 em/sec, the vertical gradient for each lower monitoring well location, 
and an effective porosity of 0.15. With these assumptions, it was calculated that the 
vertical seepage rate for groundwater between the upper and lower aquifer is between 
0.24 ft/yr at MW-7 to 0.46 ft/yr at MW-10, where the clay layer is thinner. This 
represents the potential seepage rate for water through the clay. The calculation of a 
p~tential seepage rate for water through the clay may overstate the actual seepage and 
explain the lesser and slower migration of contaminants from the sources than 
hypothesized ·by calculations. Migration of contaminants has been inhibited by many 
other factors as demonstrated by the absence in the lower aquifer of most contaminants 
found at sources on the site. 

1.3 NatuR and Extent of Contamination 
The data which were used to defii'te the characteristics and extent of contaminated zones 
were collected in three phases and a Supplemental Technical Investigation (STI) during 
the course of the Rl. The locations of sampling points for the remedial investigation are 
illustrated in Figures·1-3 to 1-6. Data was collectej through the installation of 24 

. monitoring wells, 41 piezometers, 10 staff gages, 5 leac~te wells, 3 soil. area samples, 83 
auger probes,· 73 soil borings, 2 test pits, 5 surface water samples, 11 sediment samples, 
and 10 private well samples. 

The general purpose of Phase I was to identify each-zone of contamination. The purpose 
of Phase II, the STI, and Phase m was to document the horizon~ and vertical extent of 
contamination and identify the homogeneity or variety of cne.mcal constituents within 
each zone. Section 5 of the RI ~eport provides a detailed ·description of the 
contaminants found at the ACS Site, and their horizontal and vertical extent. 
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Sampling was conducted in the. following media during the field investigation: soil/waste, 
groundwater, surface water, and sediment .. Samples from the various media were 
analyzed for U.S. EPA Target Compound list (TCL) organics and Target Analyte list 
(TAL) metals and cyanide. Groundwater, surface water and private well samples were 
also analyzed for water quality indicator parameters. 

Due to the relatively large number of.waste conStituents detected at the Site, compounds 
were grouped together, where appropriate, to assist in evaluating contaminant 
distribution. The specific compound group.ings which were used are discussed below: 

BETX CoffiPOY'nds- Partially water soluble products from gasoline, oil and/or 
hydrocarbon products (i.e., benzene, ethyl benzene, toluene, xylene); 

Total Chlorinated Benzenes- Used as solvents and reagents from a variety of 
chemical manufacturing processes. Compounds in tbis group include 
chlorobenzene, hexachlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 
1,2-dichlorobenzene, and 1,2,4-trichlorobellZene; 

Total Chlorinated Ethenes - Chlorinated ethenes, ,including tetracbloroethene 
(PCB), tricbloroethene (TCE), dichloroetbene (DCE) and vinyl chloride. These 
compounds represent a potential degradation sequence, and are common 
industrial compounds; 

Total· Chlorinated Ethanes - Chlorinated ethanes, including 1,1,2,2-
tetrachloroethane, 1, 1,2-trichloroethane, 1, 1, 1-tfichloroethane, 1,2-
dichloroethane, 1, 1-dicbloroethane, and chloroethane. These compounds 
represent a potential degradation sequence and are common industrial solvents; 

Ketones - Compounds found in resins, paint removers, cement adhesives and 
cleaning fluids (e.g., acetone, 2-butanone, 2-bexanone, 4-methyl-2-pentanone, 
isophorone ); ~ 

Plasticizers - Compounds associated with plastics and plastic making processes 
(e.g., phthalates ); 

· .fCfu - Mixtures of chlorinated biphenyls identified as Aroclors, formerly used 
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· Poly'1clic Aromatic Uxdmparbnm (lAJ:O -A group of compounds associated 
with and derived from coal.and oil~ and the incomplete combustion of 
carbonaceous materials;· '· · 

Phenols - A group of chemicals of similar composition used in adhesivos, 
epoxies, plastics and a variety of synthetic fibers and dyes. d01npounds in the 
group include chlorinated, methylated, and nitrified phenols. Benzoic acid is 
also included With the phenolS, because it may be a degradation product of the 
phenols. 

Table 5-1 in the RI Report provides a listing of spe~~ compourids placed in the above 

groupings. Note that the compounds listed in the table do ~ot contain all cqmpounds 
detected in the various media, nor were all.listed compounds detected in each media 

sampled. Summaries of individual compounds detected in each sample are contained in 
' . . . . 

Appendices Q and R of the RI Report. 

1.3.1 Phase I Results · 

Results of the Phase I~ investigation identified three general source areas of 
contamination at the ACS Site (Figure 1·2). 

the On-Site Containment Area; 
the Still Bottoms{freatment Lagoon and adjacent areas; IU}d 
the Off-Site Containment Area and Kapica/Pazmey Area. 

While the concentrations and distribution of the organic contaminant groupings varied 
between and within the three source areas, the organic compounds present were 

generally the same, with the exception of lhe PCBs. , For example~ while the BETX 
group generally represented the highest concentration of organic contaminants in the 

waste areas, elevated concentrations of BBTX were closely correlated· to elevated 
concentrations of chlorinated ethenes, chlorinated etbanes, etc. (see Figure 5-1 and 5-2 
of the RI Report) •. However, correlation between BETX and PCBS did. not exist 

(Figure 5-3, RI RepQrt). Therefo~e, for the purpose of describing the nature and extent 

of or.gani~ contaminants. ~ith respect to remediation, two categories of organic 
contaminants can be developed: 

Organic contaminants without PCBs;. and 
/ · Organic contaminants with PCBs. 
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The metals data from the Phase I waste samples were evaluated in the context of the 

U.S. EPA Publication, Trace Chemical Element Content of Natural Soils (1983). Of 

the twelve metals detected in excess of the U.S. EPA "common range", total chromium 

and lead were the most prevalent. As shown in Figure 5-5 in the RI Report, a 

logarithmic plot ~f Phase I lead concentrations versus total chromium concentrations 

indicate a strong correlation in the occurrence of these two elements. Therefore, lead 

concentrations were selected as an indicator of TAL metals distribution in the source 

areas. 

The phases of investigation performed after Phase I wer~ designed to delineate vertical 

and horizontal extent of contamination in the source areas. The contamination 

encountered in each area is discussed in detail in Section 5 of the RI Report. A brief 

discussion of each area is presented below. 

1.3.2 Landfill Atea 
Leachate samples were collected during Phase I from the Griffith Municipal Landfill, at 

leachate wells LW01 through LW04 (Figure 1-5)~ The TCL organics and tentatively 
identified compounds (TICs) detected in the leachate samples tended to be highest in 

samples from LW03 and LW04 located in the newer area of the landfill The six 

organic groupings detected in the leachate well samples included BETX, Chlorinated 
benzenes, Ketones, Phthalates, P AHs, and Phenols. 

Concentration ranges for each organic contaminant grouping detected in the leachate 

well samples were as follows: 

BETX 
Chlorinated benzenes 
Ketones 
Phtbalates 
PAHs 
Phenols 

2.0 ug/L (LW02) to 244 ug/L (LW04) 
8.0 ug/L (LW03) to 53 ug/L (LW04) 
251 ug/L (L W04) to 1740 ug/L (LW03) 
5.0 ug/L (LW04) to 42 ug/L (LW03) 
3.0 ug/L (LW04) to 43 \}gjL (LW03) 
7.0 ug/L (LW01) to 831 ug/L (LW03) 
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Typically, landfillleachates have a high inorganic component due to the.breakdown of 
the waste material. Concentrations of most TAL metals, including cyanide, in leachate 
samples from the Gritfitb Municipal Landfill wer~1Ughest at LW02. The exceptions 
were cadmium, selenium and silver at LW03, and arsenic, potassium and thallium at 
LW04. 

Concentration ranges for selected ino.rganic constituents were as follows: 

Chromium 
Lead 

I 

41.2 ug/l(LW01) to 288.ug/l(LW02) 
130 ugfl(LWO~) to 1370 ugfl(LW02) 

' 
Analytical results for the leachate wells are summarized in Appendix R of the RlReport. 

1.3.3 Sediment and Surface water 
Sediment and surface water. $ample ·IOc:ations are. shown in Figure 1-6. Sediment 
samples were analyzed for TCL organics and TAL inorganics. 

Seven general sediment areas were sampled. Tbe folloWing briefly summarizes the 
analytical results in each of the seven genera} sediment sampling areas: 

ACS facility- Four of the nine organic contaminant groups were detected in 
SDOl and SD02. PhthaJates and PCBs ~ere detected in. both. samples at 
somewhat elevated levels, BE:p{ and total phenols were detected in .SD02 at 
relatively low concentrations. Lead levels at SD02 appeared slightly elevated. 

Wetland& north and west of ACS - Eight of the nine contaminant groups were 
detected in o~e or more of the six samples representing sediments in this area. 
With the exception ofPCBs·and phthalates at SD16, and tow PAHs at SDlO, 
most concentrations were relatively low~ tead and chromium levels were also 
somewhat elevated at SD16. 

Dniina&.e ditch west pf ACS - Three contaminant groups were detected in the 
two samples ftom this area. Total P AHs and phthalates were detected· at low to 

, moderate concentration in both SD07 A and SD07B, total phenols were detected 
in SD07B only. 

Drainue ditch north of I..andfill - Phthalates and PCBs were detected in SD07C. 
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Wetland west of I andfill - Total phenols, P AHs, phthalates and ketones were 
detected in one or more samples from this area. 

Wetland east of Landfill- BETX, phenols, PAHs and phthalates were detected 
in one or both samples from this area. 

Drainaee from Off-Site Containment - BETX, phenols, P AHs and phthalates 
were detected at relatively high concentrations at SDOS immediately west of the 
Off-Site Containment 

Five surface water samples were collected; two were internal to the Site, and three were 
on the perimeter of the Site. The following is a summary of the sampling results from 
each area: 

ACS facility - Trace amounts of 1,2-dichloroethene and 1, 1-dichloroethane, both 
of which were detected in nearby soils were detected in the ACS Fire Pond 
(SW01). Aroclor 1248 was also reported at the detection limit at both SWOl and 
SW02, and is likely related to suspended solids in the surface water. 

Drainaae from Off-Site Containment - Historical review indicates a ditch was cut 
between the Off-5ite Containment area and the landfill, apparently to drain 
surface water toward the west. Over the years, sections of the ditch have 

. become filled in so it is no longer a continuous surface water flow route. The 
surface water samples collected from this ditch (SWOS) contained the highest 
concentrations of VOCs of the surface waters sampled with BETX (508 ug/L) 
and ketones (574 ug/L), as well as lower levels of chlorinated ethenes and 
ethanes. All t~e VOCs detected in SW05 were present in soils from the Off-Site 
Containment Area and groundwater. No pesticides or PCBs were detected in 
this sample. 

Ditch west of ACS- SW07A, contained chloroethane at 14 ug/L as the only 
detected organic target compound. 

Wetlands east of I.andfill - SW08 contained toluene at 8 ug/1.., and total phenols 
at635ug/L 

1.3.4 Waste/Soils 
A relatively large number of compounds were detected in the waste areas. As was 

· previously discussed, the extent of contaminated waste and soils was evaluated based on 
the three indicator groupings (total VOCs, total PCBs and· lead). Visual observations 
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and HNu readings obtaine~ from subsurface a~ger ~robes were also considered in the 
determination of horizon~ and verti~ waste extent. 

Six contaminant-extent base maps were developed for the RI Report (Figures 5-6 
through 5-11 of the RI Report). A series Qf overlays were developed for each base map 
for discrete sampling depths (labeled as Fig\lre 5-68. S-6b,. etc.).· Detailed' discussion of 
·these overlay maps, and the individual waste areas at the ACS Site are presented in 

Section 5 of the RI ~eport. The following discussion provides a general summary of 
each waste area. · 

On-Site Containment Area. The On-Site Containment Area is a reclangular shaped 
area, approximately 250 feet north to south and 450 feet west to east, located in the 
nor~hern third of the fenced ACS facility (Figure 1-2). Historical information and 
subsurface investigations during the RI indicate that drums are buried beneath at least a 

. . . 

portion of this area. · The buried drums are found in an area approximately 50 feet by 50 
feet in size, and appeared to be stacked three high in. the test pit excavation.· It is 

possible that the drums represent the major source of potential contaminants in this 
area. 

With .the ex.ception of a few locali~ed areas in the jveste~n. half of ~he On-Site 
Contamment Area, most of the contanunants are non-~ntatmng orgamc waste . 

. ' 
~ 

All nine organic-compound groups were detected i.n the On-Site Containment Area. 
Generally the highest' concentrations were detected in sainples from test pit TP02, which 
showed buried drums. Concentration ranges for the organic compound groups (with the 
exception of PCBs) in the remaining sUbsurface soil $l1Jlples: are as follows: 

BEXT 
Chlorinated Benzenes 
Chlorinated Ethenes 
Chlorinated Ethanes 
Ketones 

· Phtbalates 
PAHs 
Phenols 

. 11 ug/kg to 3,002,000 ugjkg 
·. 2 ug/kg to 10,790 ug/kg · 
2 ug/kg to 1,110,000 ug/kg 
1 ug/kg to 11,000 ug/kg 
4 ug/kg ~0 7.40Q~uglk& I 

· 39 ugfkg to 15,086. ug/kg' 
50 ugfkg to 121,338 ugJkg · 
93 ug/kg to 2'ZTO ug/kg 
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PCB contaminated wastes were· detected only in the western half of the On-Site 

Containment Area, and were relatively localized. horizontally. Total PCB concentrations 

in the On-Site Containment Area samples ranged from 130 ug/kg to 26,000 ug/kg. 

Elevated metals in the On-Site Containment Area appear to be limited to near surface 
soils in the western half of the Area. 

Still Bottoms/Treatment Laaoon Area. The Still Bottoms Area is an oval area 
approximately 100 feet in diameter in the central portion of the fenced ACS facility. 

The Treatment Lagoon Area is an oval area approximately 200 feet by 100 feet located 
between the ACS Fire Pond and the Still Bottoms Area (Figure 1-2). 

As with the On-Site Containment Area, most of the contaminants detected in the Still 
Bottoms/Treatment Lagoon are .non-PCB containing organics. Localized areas of PCB 
containing wastes "Were detected in the Still Bottoms and some metals were detected in 
both areas. 

All nine organic compound groups were detected in the Still Bottoms and Treatment 

Lagoon Areas, and for the most part, highest concentrations were detected in samples 
from test pits which encountered buried drums. Concentration ranges for the organic 

compound groups (with the exception of PCBs) in subsurface soil samples including test 

pits are as follows: 

BEXT-
Cblorinated Benzenes -
Chlorinated Ethenes -
Chlorinated Ethanes -
Ketones-
Phthalates -
PARs
Phenols-

66 - 34,670,000 ug/kg 
45 - 62,500 ug/kg 
31 - 2,000,000 ug/kg 
8 - 21,000,000 ug/kg 
55- 4,100,00 ug/kg 
456 - 4,694,000 ug/kg 
351 - 1,057,900 ug/kg 
429-194,00 ug/kg 
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PCBs were not detected in the Treatment Lagoon Area. Total PCB concentrations in .....1 

the Still Bottoms Area samples ranged from 330 ugfkg to 74,000 ug/kg. 
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Chromium and lead were the primary inorganic con.stituents detected Total, chromium 
ranged from 8.7-1410 mg/kg, and lead ranged from 21.9-6300 mgfkg. Antimony, 
cadmium, copper, magnesium, D)ertury, selenium, and zinc were abo ~etected. . 

Area West of Fire fond. An area of contaminated.subsurface soils was discovered west 
of the existing ACS Fire Pond during the Rl. One soil boring, SB20, was conducted in 
this area, and a sample of the can~ted ~il collected. 

Concentrations of the organic compound groups for this location were similar to those 
east of the Fire Pond, with all nine compound groups being detected. Metals 
concentrations were not elevated in this area~ 

Former Incinerator Area. The fo~er ~cinerator area is a square 50 by 50 foot area 
located along the eastern portion of the fenced ACS, facility. Tot~l indicator 
contaminant concentrations in surface soils (SA03) from the former incinerator location 
were considerably less than in the wa$te disposal areas of the fenced ACS facility. 

Total VOC concentration in SA03 was 980 ug/kg, with BETX as the only VOC group 
detected. Total P AHs were detected at 50. ug/kg, and total phthalates at 2600 ug/kg. 
The remaining organic compound groups, including PCBs, were not deteCted in SA03. 
TAL metal concentrations were not elevated at this location. 

Off-Site Contaiumem Area. The Off-Site Containment Area is located south of the 
fenced ACS facility. It is an approximately 300 by 400 foot area formerly used by ACS as 
a disposal area for drums o~ wast~ materials and still-bottom sludges. The greatest 
volume of w.astes detected in this area are non-PCB organics. However, PCBs and 
metals were detected primarily in one localized area at depth in the northern portion, as 
well as at a number of small areas in the southern portion of the Off-Site Area. 
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The following concentration ranges of each organic contaminant group (with the 
exception of PCBs) were detected in the Off-Site Containment area samples: 

BEXT 
Chlorinated Benzenes 
Chlorinated Ethenes 
Chlorinated Ethanes 
Ketones 
Phthalates 
PAHs 
Phenols 

17 - 254,500,000 ug/kg 
3 - 1,000,000 ug/k' 
44 - 65,000,000 ug kg 
8 - 151,330,000 ug/kg 
52-197,600,000 ug/kg 
54- 19,136,000 ugJkg 
273-3,487,700 ug/kg 
180 - 1,054,000 ug/kg 

PCB concentrations in the soil and wastes in the Off-Site Containment Area are, for the 
most part, found at concentrations of less than 50 ppm. These levels of PCBs occur in 
scattered, localized areas at various depths between the Kapica building and a surficial 
waste seep near the 

1

southwest corner of the off-Site area. Actual total PCB 
concentrations in the Off-Site Containment Area samples ranged from 96 ug/kg to 
1,400,000 ug/kg. 

The distribution of wastes/soils in the Off-Site Containment potentially contaminated 
with metals is similar to that of the PCB wastes, but to a lesser extent. 

Kapica-Pazmey Area. The Kapica Drum recycling area is located in the far southeastern 
corner of the Off-Site Containment Area. The Kapica Area was used to recycle and 
clean drums for the ACS facility, as well as other non related customers. Observations in 
this area and results of the RI indicate that much of the waste was apparently disposed of 
directly on the ground surface. 

All nine organic contaminant groups are present in the Kapica/Pazmey Area. 
Concentration ranges of each organic contaminant group with the exception of PCBs 
were as follows: 

BEXT 
Chlorinated Benzenes 
Chlorinated Ethenes 
Chlorinated Ethanes 
Ketones 

1 - 46,300,000 ug/kg 
18- 27,poo ug/kg 
2 - 960,000 ug/kg 
5 - 1350 ug/kg 
2 - 367,000 ug/kg 
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177 - 698,100 ug/kg 
54 - 157,300 Ug/kg 
280 • 34,300 ug/kg 

Soils containing PCBs at levels in excess. of 1 ppm are found primarily in an are~·-north of 

the Kapica bwld"mg. Actual PCB concentrations in the Kapica area ranged from 4,200 

ug/kg to 280,oo0 ug/kg. 

Metals contaminated soils in the Kapica area are prbnarlly found to the west and north 

of the Kapica. building._ 

· 1.3.5 Groundwater 

Twenty-four groundwat~r monitoring wells (MWOl throug~ MW24) were installed 
during the Site RI (Figure 1-5). Eight of the 24 monitoring wells (MW07, MW08, 
MW09, MWlO, MW21, Mw22, MW23, and MW24) ar~ screened in the lower aquifer. 

The remaining 16 wtDs are water table wells. 

The following discusSion reviews the organic and inorganic character of the groundwater 

in the upper and lQWer-aquifers,' and presents a comparison among the potential 

contaminant soUrce areas. 
-:. .. 

Ugpc;r Aquifer. The fccurrence, concentration and distnbution of contaminants in the 
upper aquifer reflects ihe groundwater flow paths previously desmbed. As groundwater 
flows from the Fire Pond toward the Griffith Municipal Landfill dewatering pit, some of 

the relatively soluble, and therefore more mo~ile, organic constituents associated with 

source areas are detected downgradient. 

As with the bl,Jrled wastes, the BETX group of organic co~nds was widely distributed 
. . ~ ~ \ 

in the upper aquifer and· was present at the highest concentration relative 'to other 
contaminants detected in the upper aquifer monitoring well samples. Figure 1-15 shows 

that the distribution of BETX contamination in the upper aquifer well samples and 
( 

aquifer matrix samples occurs in essentially two contaminant plumes. The highest total 
BETX concentrations were detected at MW03 (106,000 ug/L - Round 2). This well is 

· located downgradient of the On-Site Containment Area under steady state groundwater 
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flow conditions as were present during the second sampling rourta conducted in May 
1990. Benzene, for the most part, was the -predominant constituent compound· detected 

within the BETX grouping. 

Chlorinated ethanes were as widespread in the upper· aquifer samples as the BETX 
group, however, overall concentrations were generally lower, with the plume centered 
downgradient of the Off-Site Containment Area (Figure 1-16). 

- -

· The highest concentrations of chlorinated ethanes were detected at MW16.(4;000 ug/L-
Round 2); at this iocation the predominant constituent compound was 1~1~ 
dichloroethane (2,400 ug/1:, with chloroethane at 1,600 ug/L)~ MW16 is located 

- I --

immemately downgr~dient of the Still Bottoms and Off-Site Cotuainment Area. Both of 
these areas contained elevated concentrations of the heavier chlorinated ~thanes: 

The remaining organic contaminant groupings were considerably less widespread than 
the BETX and chlorinated ethanes and, with exception of the ketones, were at 
considerably lower concentrations. 

Ten trace metals were detected in one or more upper aquifer well samples at 
concentrations at least five times the background well (MWll). Iron and potassium 
were also detected at concentrations that may be at least partially attributable to ACS -

' 
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wastes or the Griffith Municipal I.:ahdfill, rather than aquifer geochemistry. Apparently, ·._,_,1 [--

elevated trace metal concentrations occurred most frequently in samples from MW03 ...J 

and MW04 adjacent to the On-Site Containment Area, and MW06 adjacent to the Off-
Site Containment area. Trace metals detected incJude: arsenic, barium, cadmium, total 
chromium, manganese, mercury, nickel, potassium, selenium, vanadium, and zinc. 

Lower Aquifer. Lower aquifer contamination relative to-tlte upper aquifer is limited, 

both with respect to nature of compounds detected and the extent_ Consi~erable 
attenuation of contaminant levels downgradfent of the impacted area is apparent. 
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The only TCL organics deteeted in lower aquifer monitoring wells were: chloroethane, 
bis(2-Chloroethyl)ether, and 4-Methyl-2.pentanone. Trace metal concentrations greater 
than five times background were not detected in the lower aquifer wells. 

Private Wells. Private well sampling was performed at eight locations during Phase n of 
the Rl, and 2locations during Phase m. TCL volatiles, semivohltiles and pesticidefPCBs 
were not ·detected in. the pnvate well samples. Trace metals detected in private well 
samples included barium, cadmium, lead, and zinc. These elements were not elevated in 
the lo;er aquifer sample collected at the Site and the latter three may be attributable to 
th~ water distn"bution system .. 

' ' 

1.4 · Coat..,.inant Fate and MIJration 
Groundwater provides a primarY migration pathway by which contaminant transport may 
occur .. This section de~cribes tlie_ potential behavior of the identified chemical 
contaminants within the groundwater system. 

,The fate and migration of organic cOntaminantS in the subsurface ~nvironment can be 
affected by a number of ch~mical and physi~ reactions inCluding hydrolysis, oxidation, 
reduction, :volatiliZatio_n, adsorptio~ and biodegradation. The major reactions effecting 
chemical transport in groundwater, however, are sorption (adsorption plus absorption) 
and biodegradation (Olsen and Davis, 1990). 

I • 

Through application of the distribution. cOefficient (K) to saturated zone contaminant 
transport, a contaminant's retardation factor (R) ean be estimated. The retardation 
factor descn~s the affect of sorption in decreasing the rate of contaminant tranSport in 

.. I . 

the liquid phase relative to a conservative or nonreactive species (R = 1). For example, 
if R = 10, the cOntaminant chemical moves at one-tenth the velocity_of the ground~ter. 

Distribution coefficients were calculated for. several representative contaminant 
compounds (Table 6-2, RI Report) based on total organic carbon (TOC) concentrations 
for aquifer .soils. obtain_ed during P!Jase ~I drillins and from the compound specific 

' organic_ carbon partitionitil .coeffident K, (U.S. EPA, 1986). I 
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Retardation factors were calculated based o~ the calculated K values, the aquifer 
porosity (n) and bulk density (P).-Values representative of upper and lower aquifer soils 
along the eastern (MW07) and western (~W09) portion of the Site are summarized in 
Table 6-2 of the RI Report. Retardation factors ranged from 1.26 (acetone) to 62,693 
(PCBs) for the confining layer at MW07 and 1.15 (acetone) to 36,955 (PCBs) at MW09. 

Transport velocities for the upper aquifer organic contaminants were. calculated using 
the calculated range of vertical seepage rates and retardation factors. Theoretical 
transport velocities across the confining layer range from 0 ft/yr (essentially immo~ile) 
for PCBs across the entire Site, to 0.399 ft/yr for acetone in the vicinity of MW09, 
assuming a seepage rate of 0.46 ft/yr. Therefore, assuming the thickness of clay beneath 
areas of contaminated groundwater in the upper aquifer to range from 6 ft ·to 15 ft, 
potential acetone migration across the confining layer would take approximately 15 to 37 
years. Given the capacity of the confining layer to attenuate the migration of organic 
contaminants, it is not surprising that only minor contamination has been detected in the 
lower aquifer. 

Theoretical contaminant transport velocities were also calallated along the five upper 
aquifer groundwater flow paths illustrated in Figure 1-13. Calculated retardation factors, 
based on upper aquifer soils at MW07 were used to generate theoretical transport 
velocities along Flow Path #5. Calcul~tions along the remaining flow paths were based 
on upper aquifer soils at MW09. 

Potential acetone migration ranged from approximately 19 ft/yr along Flow Path #3 to 
128 ft/yr along Flow Path #2. However, acetone was not as prevalent in waste and 
groundwater samples as BETX, chlorinated ethenes and chlorinated ethanes and so does 
not accurately represent the overall plume movement from identified source areas. 

Benzene is the most mobile of the· BETX compounds. Transport velocities for benzene 
range from approximately 7 ft/yr ·along Flow Path #5 to 54 ft/yr along Flow Path #2. 
Based on these transport velocities, it would take approximately 25 to 190 years for 
benzene to migrate one-quarter mile downgradient, assuming adsorption is the only 
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attenuation tttechanism. Etbylbenzene, toluene and xylene transport velocities are less 
than half those of benzene. This difference. is p~obably a contributing faCtor to the 
higher occurrence of ~nzene in downgradient gr®ndwater samples, in comparison to 
other BETX constituents. 

1,1-Dichloroetb'ene Is the most mobile constituent of the chlorinated ethene group. 
Transport velocities for this compoU,nd range from 13 ft/yr along Flow Path. #3 to 

. 88 ft/yr along .. Flow Path #2. The least mobile c~nstituent of the group is 
tetracbloroethene. VeloCities Jor this co~pound range from 1. 7 ft/yr along Flow Path 
#5 to 18 ft/yr along Flow Path #2. 1,1-Dichloroethene was the most widely detected of 
the chlorinated ethenes which is· consistent with its ·relative mobility. Howeve~, the 
chlorinated ethen~s as a group were considerably less widespread than either the BETXs 
or chloroethane, which, may suggest other mechanisms (e.g., biodegradation)· as the 
primary attenuating factor· for this group. 

Chloroethane was the predominant .chlorinated ethane detected in the upper aquifer. 
1,1-Dichloroethane· was also detected, but considerably less frequently. The calculated 
transport velocity for 1,1-dichloroethane' ranges from 16 ft/yr along Flow Path #3 to 
107 ft/yr along Flow Path #2, which is more than two times those for chloroethane; 
5 ft/yr (Flow Path #5) to 44 ft/yr (Flow Path #2). 

The calculated horizontal seepage rate in the lower aquifer is 73 ft/yr. The theoretical 
transport velocity for cbloroethane·in the lower aquifer·was calculated as 22.3 ft/yr 
compared to 57.3 ft/yr for bis(2-chloroethyl)eth~r. Based on the above values, it would 

. take approximately 60 years for cbloroethane and 23 years for bis(2-chloroethyl)ether to 
migrate one-quarter mile downgradjent. These estimated migration times assume no . . . . . 
other attenuating mechanisms. 

Migration of contaminants has not. occurred at the rate or rates calculated. Apparently, 
a combilUltion of factors, ·indigenous to the Site, have seJ;Ved to retard migration, with the 
r~sult that the bulk of contamimints of con~tn remain near ·source locations. 
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Evidence of reductive dec~orination at the Site is apparent. Chlorinated ethenes a~d 
chlorinated ethanes are present with a non-halogenated carbon source (BETX, ketones, 
etc.) under anoxic conditions. While high concentrations of trichloroethene and 
trichloroethanes were detected in the waste areas, chloroethane, a probable degradation 
product was the predominant chlorinated constituent in the downgradient groundwater. 

The biodegradation of BETXs has also been documented (Barker and Patrick, 1987; 
Borden et al., 1986), however these investigations show oxygen is the primary electron 
acceptor. Therefore, these compounds appear to degrade more readily under aerobic 
conditions (Bouwer and McCarty, 1981). Aerobic degradation of BETX, likely is 
significant in the vadose and at the water table. In addition periodic fluctuations in 
groundwater levels would facilitate oxygenation of the upper aquifer. Evidence of anoxic. 
conditions in groundwater immediately adjacent to the Site, however, may in part be 

' . 
responsible for the predominance of BETX in the uppe~ aquifer (see Section ,55 of the 
RI Report). As dissolved oxygen concentrations increase further downgradient of the 
Site, natural aerobic biodegradation may be the major mechanism for BETX mass 
decrease. 

Contamination of surface water a~d sediment occurs primarily through overland 
transport of contaminated soils through erosion and/or discharge of contaminated 
groundwater. The majority of wastes at the Site were buried and therefore are not 
currently subject to surface erosiqn. However, two areas of surface soil contamination 
were identified during the RI; the fonber incinerator area located in the ACS facility; 
and the Kapica/Pazmey Area (see Figure 1-2). 

·Surface topography, vegetative cover and soil composition vary between these two 
locations. The former incinerator area is covered in gravel, as is most of the ACS 
facility. While runoff from the gravel may occur in areas of compaction, slope within t~e 
facility is relatively flat and potential for erosion of gravel and contaminated soil would 
be low. When runoff does occur, it likely follows the facility drainage system toward the 
ACS Firepond. 
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Surface. soils ·in the vicinity of the Kapica/Pazmey Area are mostly vegetated. 

Top~phy in this area generally. slopes to the nc;»rth and west toward the low area 

between Off-Site Containment Area and me Griffiili Municipal Landfill Surface water 

and sed~ent ~pies (SW05 and SDOS) collected in this low area generally contained 
the highest concentrations of contaminants detected This would indicate runoff has or 

continues to occur in this area. 

Discharge of contaminated groundwater to the surface wetlands may occur along . ' 

western portions of the Site. Tw~ predominant tones· of upper aquifer contamination 
were identified during the RI west 9f the ACS facility and west of the Off-Site 
Containment Area. BETXs and _chloroethane were the predominant contaminants 

detected. 

BETXs and chloroethane (and to a leSser extent ketones) were detected in hydraulically 

1-. connected do~ngradient (west)· sediment and surface water samples. Discharge of 
contaminated groundwater maybe a contn1luting factor to contamination in these areas. 

I 

' I -

-

1.6 Su~;uy of Baseline Risk Assessment 
The purpose of the baseline risk assessment is to evaluate the potential health risks of 
the Site with regard to a variety of exPosure Scenarios. If rio risks are calculated· for the - . 
exposure scenarios examined, then the no action alternative may be appropriate. If risks. 
are calcufated for certain scenarios, ·(such as dfrect contact with contaminated soils by 
future Site trespassers), then remedial actions are ~rranted to prevent the risks (such as 
covering the soils to prevent direct contact). 

. I 

It is emphasized that the risk factors developed in the ·J;Jaseline Risk assessntent may not 

represent the actual risks at the Site. The calculate,d risks are only applicable to the 

extent that the exposure scenario is recognized For instance, although the baseline risk 

~sessment calculates ·risk for ingestion of contaminated groundwater, there are no 
current groundwater users ·that have been impacted by the Site. 
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The following sections provide a general summary of the results of the baseline risk 
assessment. Detailed results and interpretations are presented in the Baseline Risk 
Assessment, Volumes 1, 2 and 3 September 1991. 

The Baseline "Risk assessment was performed consistent with the Risk Assessment 
Guidance for Superfund· (RAGS, U.S. EPA 1989) in coordination with the U.S. EPA 
RPM and Technical Support Group. 

1.6.1 Uncertainties in the Risk Assessment Pr~ 
The risk assessment process incorporates numerous assumptions and is therefore 
associated with some degree of uncertainty. Calculated risk estimates are based upon 
reasonable worst case scenarios, and may or may not be realized at the Site. Proper 
interpretation. of health risk values requires consideration of the uncertainties and 
assumptions involved in the risk assessment calculations. In addition, the risk assessment 
uses hypothetical scenarios and conservative assumptions to quantify potential risks for 
·current and future land uses which may or may not reflect actual risks. 

1.6.2 Quantification of Potential Risk 
Non-cancer health effect risks were estimated by calculation of b~d quotients (HQ). 
For a given exposure pathway, the hazard quotients for all chemicals of concern are 
added to arrive at a total. This total value is referred to as the hazard index (HI) for the 
exposure pathway. Am or HQ in excess of unity (1) may represent a potential health 
risk associated with exposure via a particular pathway or chemical. 

The cancer risk value is an estimate of an individual's lifetime likelihood of developing 
cancer over and above the existing background chance of developing cancer. A cancer 
risk of 1 x 10-6, for example; may be interpreted as an increased risk of one in one 
million of developing cancer over a person's lifetime. This risk may also be interpreted 
on a population basis, to predict that one additional case of cancer may occur in a 
population of one million people. For known or suspected carcinogens, the 1 X 1o-6 risk 
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. 
level·is used by U.S. EPA as a "poi~t of departure''. Cancer risks which are between 1 x 
10·6 and 1 x 10·4 may or may not warrant remediation~ depending on other risk 

management factors. 

1.6.3 Potential Health Risks Based.on Current I.aJJ4Use 
The current land use scenario is a reasonable worst case situation that could occur if the 
Site js left unchecked and umeltlediated with no action taken to minimize any migration 

from, or direct exposure to, contaminants at the Site. Current land use health risks 

associated .with exposure to contaminated Site media were ~va!uated for off-Site 
residents, trespassers, and on-Site workers at the ACS facility. The assumed degree of 

exposure to populations from the pathways in the risk asseSsmentis based upon com~on 
. . 

assumptions which probably result in risk assessmtmts that are conservative . 

Off-Site residents were considered to be exposed to co11:taminants released to 

groundwater and air under··current land use conditions .. Although these exposures were 
created hypothetically for this report, it is not inconceivable that these conditions may be 
realized in the future given current land use conditions. Risk to adults and children was 
considered separately, as was exposure to groundwater from the lower and upper 

aquifers. Risks to off-Site residents which might occur if off~Site residents were actually 

exposed under this scenario included:· 

A non-cancer hazard index (HI) greater than 1 for children primarily as a result 
of dermal exposure to 4-methyl-2 pentanone (54% of the risk). 

A total cancer risk to children exposed to groundwater from the upper aquifer of 
1.7 X tQ-2, attnbuted mainly tO derma) exposure to benzene. 

A total pathway HI for off•Site residents exj>osed to contaminants in air and 
groundwater of2.1. · · 

A total cancer risk for off-Site adults of 4.5 x to-4, attributable mainly to 
ingestion of arsenic and bis(2-chloroethyl) ether from groundwater. 
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Site trespassers were assumed to be exposed to contaminants from surface soils, surface 
water, sediments, and fugitive dusts and volatiles. Quantified risks for this scenario 

' 
included: 

A. total m for all pathways of 1.9 X to+ 1, due mainly to ingestion and ·dermal 
absorption of surface soils at Kapica-Pazmey. 

A total cancer risk for all pathways of 6.3 x to-3, attributed mainly to dermal 
contact with benzene, inhalation of volatiles, and exposure to PCBs. 

ACS facility workers were assumed to be exposed hypothetically via inhalation of fugitive 
dusts from Kapica-Pazmey and volatiles released from buried waste. Risks for this 
hypothetical scenario included: 

A HI of 9.9, due mainly to VOC emissions from buried wastes. 

A cancer risk of 1.6 x to-3, due mainly to inhalation of VOCs (primarily 1,1-
dichlorethene, .chloroform, and carbon tetrachloride). 

1.6.4 Potential Health Risks Bas~d On Future Lwi Use 
Future land-use health risks were based on exposure to ·contaminated Site media by 
residents living on-Site. This is assumed to be the reasonable worst case scenario. 
Residents were assumed to be exposed to soils at specific parts of the Site independent 
of the other areas, e.g., the Off-Site Containment area exclusively. The only difference in 
risk associated with each specific portion of the Site came from soil exposure, since 
exposure to groundwater and surface water was assumed to be the same throughout the 
Site. Risks associated with this future land use scenario included: 

The non-cancer hazard index for exposure to contaminated groundwater from 
the upper aquifer was estimated at 3.3 x to+2, due primarily to dermal exposure 
to 2-butanone. The cancer risk was approximately 8.7 x 1o-2, due mainly to 
benzene exposure. 

The non-cancer hazard quotients for surface water and sediments are less than 
unity. The cancer risk due to surface water exposure was 1.6 x to-4, attributed 
mainly to dermal exposure to PCBs. Sediment cancer risk was 2.2 x to-4, as a 
result of exposure to carcinogenic PAHs and PCBs. 
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The non-cancer hazard index for inhalation of VOCs was 1.6 x to+ 1, due 
primarily to exposure to n-cbain alkanes.· The cancer hazard risk was 2.7 x to-3, 
as a .result of pOsSlole exposure to 1, 1-dichloroethene~ carbon tetrachloride, and 

' chloroform. 

Non-cancer HI values in excess of unity and cancer risk estimates associated with 
exposure to soils in the various Site areas were due to the presence of various 
volatile organics and metals. Among the ~hernicals of concern were 
tetracbloroetbene, PCBs, carbon tetrachloride, and P AHs. 

· ' The non-cancer hazard quotient and cancer risk appeared greatest for a resident 
·residing at the Off-Site Containment Area (1.0 x to+ 3 and 1.5 x 10-1, 
respectively). 

1.6.5 Sumnuu:y ofEcol<5ical Assessment 
Warzyn completed a draft of an ecological. assessment for the site. U.S. EPA 
commented on the draft, but consensus could not be reached on resolution of the 

. . 

comments. Therefore, a consultant for the U.S. EPA prepared the final ecological 
assessment for the Site under U.S. EPA direction. The results of the ecological 
assessment performed by the U.S. EPA indicate that there may be possible ecological 
risks at the Site based on conservative worst case assumJhions, but they are difficult to 
quantify. The U.S. EPA ecological assessment shows that:: 

' . 

Contaminants of potential ecological concern in water at the ACS Site ~ay 
include lead, iron, zinc, cadmium, mercury, cyanide, PCBs, chlorobenzene, 
benzene, diethyl phthalate, and bis (2-ethylhexyl) phthalate. 

Contaminants of potential _ecological concern in soils and sediments at the 
ACS Site may include arsenic, cadmium, chromium, copper, lead, mercury, 
zinc, PCBs, benzene, toluene, ethylbenzene, xylene, bis (2-ethylhexyl) 
phthalate, heptachlor epoxide and P AHs. 

The major risk to burrowing rodents appears to be from exposure to PCBs 
resulting from potential exposure to browse grown in contaminated soil and 

, incidental ingestion of contaminated sediments. . -



Feasibility Study 
American Chemical Services NPL Site 

June 22, 1992 
Page 1-34 

Upland, wetland, and aquatic receptors may be adversely affected by 
contaminants present in the environmental media within the ACS Site 
watershed. The contaminants posing the greatest ecological risk include PCBs 
and iead. In addition, various metals, bis (2·ethylhexyl) phthalate and 
heptachlor epoxide pose a potential risk to aquatic receptors and mink.l 

V2S1.30-FS/Sec1-FinaljMSRjnjt/JDA 

1. Mink have not been observed in tlie area. 
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Calculated exposure levels from the BRA were usedrto establish potential maximum soil 
design concentrations. Potential minimum soil design concentrations were established 
by calculating weighted arithmetic averages for individual contaminants based on a ratio 
of the number of detects to the total number of soil samples collected from each area. 
Tables 4-8 through 4-12 present potential minimum and maximum soil design 
concentrations by chemical grouping for each area. An example of the calculation used 
in determining the weighted average soil concentrations is presented as an Addendum to 
Table 4-8. Potential minimum soil design concentrations were used, where applicable, in 
design calculations and preparation of the primary eost estimate for each alternative. 

Chemical groupings for TICs established in the BRA were used in the calculation of 
groundwater and soil design concentrations. Chemical groupings for TICs were 
incorporated into previously established chemical groups for the FS based on chemical 

I 

similarities. Table 4-13 shows the placement of TICs into chemical groupings for 
incorporation into the FS. Calculated exposure levels from the BRA for-each TIC 
chemical gr~uping were treated as constants and used in the calculation of both 
minimum and maximum soil and groundwater concentrations. 

A total VOC level of 10 parts per million (ppm) was the criteria used to delineate areas 
· and depths to be included in the calculation of the soil volume requiring treatment for 

the purpose of _evaluating soil treatment process options. This delineation was based on 
total VOCs only since data from the RI shows a direct correlation between the 
concentrations ofVOCs and SVOCs·detected in the source areas. A 10 ppm total VOC 
level was used as the criteria for soil volume delineation since it encompasses all of the 
source areas where elevated cont~inant concentrations were detected, and was 
considered to be an appropriate level for the successful implementation of soil treatment 
process options retained for detailed analysis. A uniform depth of VOC-contaminated 
soil presence using surface areas depicted in Figure 4-2 was not assumed in the 
calculation of volume. The depth requiring treatment for each cross-sectional area was 
assumed to be the maximum depth meeting the criteria outlined above based on 
sampling interva)s used during the RI. Cross-sectional drawings delineating defined 
areas of VOC-contaminated soils would have to be prepared during the final design. 
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At the request of the U.S. EPA, an attempt was made to delineate areas where SVOC 
concentrations in soils currently exceed acceptable risk levels in the RI for potential 
future site use scenarios. The purpose of the delineation was to determine the additional 
soil volume that would have to be removed in order to meet acceptable risk levels for 
potential future site use scenarios involving alternatives using soil treatment process 
options that are more effective at removing VOCs than SVOCs. lt is noted that the only 
exposure scenario that presents a concern is potential direct contact with contaminated 
soils that may be excavated in the future. Groundwater exposure would not be a concern 
because the SVOC contaminants have not migrated significantly to groundwater. Direct 
contac~ with contaminated surface soils would be prevented by providing a soil cover. 
Results of the evaluation showed that areas and depths of SVOC concentrations 
currently in excess of acceptable health risk levels for potential future site use scenarios 
encompass the entire soil volume delineated by the criteria of 10 ppm total VOC level. 
It is noted that the majority of samples collected from the On-Site Containment Area 
were not analyzed for SVOCs. Because the concentrations of SVOCs can be correlated 
to VOCs in samples collect~d from other source areas, SVOC concentrations in the On
Site Containment Area are expected to be in excess of acceptable risk levels for future 
site use scenarios. 

All of the treatment technologies that are being considered would treat some SVOCs to 
some degree. Therefore, it is not possible to predict what the calculated risk levels for 
individual SVOCs would be in the site soils after treatment. If it is assumed that no 
SVOCs would be removed with the VOCs, then the volume of soil that would have to be 
removed in order to meet acceptable SVOC risk levels for future site use scenarios 
would essentially be equal to the entire soil volume using the above-mentioned criteria. 
Since Alternatives 7 and 8 involve the removal of the entire soil· volume for above
ground treatment using process options capable of treating both VOCs and SVOCs, the 
delineation of SVOC concentrations in excess of currently acceptable risk levels for 
future site use scenarios was not presented in the FS. Alternati.ves 2, 3, 4, 5, and 6 would 
leave some volume of SVOCs in the ground after treatment of VOCs. 
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The detailed evaluation process used in this Feasibifi,ty Study was developed on the basis 
of the U.S. EPA Interim Final "Guidance for Conducting Remedial Investigations and 
Feasibility Studies under CERCLA" (October, 1988). The Interim Final Guidance was 
developed based on the statutory requirements of CERCLA, program initiatives 
promulgated in the revised National Contingency Plan, and experience gained in the 
Superfund program. 

Nine criteria serve as the basis for conducting the alternative screening and detailed 
analysis during the Feasibility Study and for ~ubsequently selecting an appropriate 
remedial action. The evaluation criteria are as follows: 

Overall protection of human health and the environment; 

Compliance with applicable or relevant and appropriate requirements 
(ARARs); 

Short-term effectiveness; 

Long-term effectjveness; 

Reduction of toxicity, mobility, and volume; 

Implementability; 

Cost; 

State acceptance; and 

Community acceptance. 

Assessments of the first two criteria, overall protection of human health and the 
environment and compliance with ARARs, relate directly to statutory findings that must 
ultimately be made in the Record of Decision. Therefore, these·eriteria must be met by 
each alternative. The next five criteria represent the primary criteria upon which the 
screening or evaluation is based. State acceptance of the preferred alternative will be 
addressed subsequent to the public comment period on the Feasibility Study and 
proposed plan. Community acceptance will be fully addressed subsequent to the public 
comment period and review of the proposed plan. 
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Each of the nine evaluation criteria have been further divided into specific factors to 
allow a thorough analysis of the alternatives. These factors are discussed in the following 
subsections. 

Overall Protection of Human Health and tbe Enyironment 
This criterion gives an assessment of_ whether each alternative provides adequate 
protection of human health and the environment. The overall assessment takes into 
account the assessments conducted under all other evaluation criteria, especially long
and short-term effectiveness and compliance with ARARs. The assessment of overall 
protection should focus on whether an alternative achieves adequate protection, and 
describe how Site risks are reduced, controlled or eliminated by the implementation of 
that alternative. 

Compliance with MARs, 
This criterion is used to determine how each remedial alternative complies with 
applicable or relevant and appropriate Federal and State Requirements (ARARs), as 
defined in CERCLA Section 121(d). The thre~ general categories of ARARs are 
chemical-, location- ·and action-specific. Section 3.2 describes the process used to 
perform the ARARs evaluation and initially identifies potential ARARs for the Site. 
The potential ARARs for the ACS Site are listed in Tables 3-2, 3-3 and 3-4. 

Lon&-Term Effectiveness and Permanence 
This criterion addresses the extent of residual risk remaining at the Site after the 
remedial objectives have been met. The following factors are addressed by this criterion: 

Magnitude of total residual risk: this factor assesses the long-term risk 
associated with exposure to treatment residuals and untreated residual 
contamination. 

Adequacy and suitability of controls: this factor addresses the type and degree 
of long-term management, monitoring, and operation and maintenance 
functions that must be performed. This factor also addresses the ability of 
technologies to meet the required process efficiencies or performance 
specifications. 
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Reliability of controls over time: this element assesses the adequacy and 
suitability of controls, if any, that are usCJI to manage treatment residuals or 
untreated wastes that remain on..Site. It includes the assessment of potential 
exposure and the associated risks should the remedial action need replacement. 

Reduction of To~ Mobility or Volume 1brou&h Treatment 
This criterion addresses the preference stated in CERCLA Section 121 that remedial 
alternatives which employ technologies that permanently and significantly reduce the 
toxicity, mobility or volume of contaminan~ be selected. This preference is satisfied 
when treatment is used to reduce the principal threats at a Site through destruction of 
toxic contaminants, reduction of the total mass of toxic contaminants, irreversible 
reduction in contaminant mobility, or reduction of total volume of contaminated media. 
The following specific factorS are taken into consideration for each particular remedial 
alternative by this criterion: 

Treatment process: the effectiveness of the treatment process at minimizing the 
toxicity, mobility and volume of contaminants, as well as any special 
requirements for the treatment process are addressed by this factor. 

Amount of hazardQus material destroyed or treated: this factor evaluates the 
mass and volume of contaminated material destroyed or treated. Al~o evaluated 
are the .type and quantity of treatment residuals produced, as· well as the 
irreversibility of the treatment itself. 

Whether the alternative would satisfy the statutory preference for treatment as a 
principal element. 

Short-Term Effe"iveness 
This criterion addresses the effects of each ahemative during the implementation phase 
until the remedial objectives have been attained. The following factors of this ciiterion 
are addressed for each remedial alternative: 

Potential impacts on the community during remedial action implementation: 
this factor addresses risk that results from. the implementation of the remedial 
action, such as air pollutant emissions that might affect community health. 
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Potential impacts on workers during remedial action: this aspect of short-term 
effectiveness addresses threats that might be posed to workers during the 
implementation of a remedial action, as well as the effectiveness and reliability 
of protective measures that could be taken on-Site to mitigate those threats. 

Potential environmental impacts: this factor addresses the potential adverse 
effects on the environment resulting from the implementation of an alternative, 
and the effectiveness and reliability of measures that may be taken to mitigate 
the adverse effects. 

Time until protection is achieved: this factor includes an estimate of the time 
required to achieve remedial objectives on-Site. 

lmplementability 

The implementability criterion addresses the technical ~d administrative feasibility of 
implementing an alternative, as well as the availability of services and materials requirec.J 

for its implementation. The following factors are analyzed by this criterion: 

Technical feasibility: this factor addresses the difficulties and unknowns 
associated with the remedial technologies proposed in each alternative as well as 
their reliability. Most alternatives will require some level of pre-design testing. 
Substantial bench-scale and pilot testing may be required for technologies which 
have not been proven feasible. Future remedial actions that might be required 
and their ease of implementability are also evaluated. 

Administrative feasibility: the level of agency activity needed to coordinate the 
implementation of the alternative is evaluated. 

Availability of services and materials: this factor involves the examination of the 
availability of adequate treatment, storage or disposal facilities, the existence of 
multiple vendors, and the availability of needed equipment and specialists 
required for implementation of each alternative. 
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The application of cost estimates to alternatives evaluation is addressed by the following 
·factors: 

Capita}: The direct and indirect capital costs associated with each remedial 
alternative are evaluated. Direct capital costs may include construction, 
equipment, land and Site developmettt, buildings and services and waste disposal 
costs. Indirect capital cost may include engineering expenses, legal fees, license 
or permit costs, start-up costs and contingency allowances. 

Operation and Maintenance: Operation and maintenance (O&M) costs are 
post-construction costs necessary to maintain the future effectiveness of a 
remedial action. These costs include maintenance, materials and labor costs, 
operating labor costs, energy, disposal of residues, insurance, taxes, costs of . 
periodic Site reviews and licensing. 

Present Worth: Present worth analysis allows the evaluation of future 
expenditures for each remedial alternative relative to a common base year. It is 
a combination of capital costs and the present worth of operation and 
maintenance costs over the life of the remedy. 

The cost estimates developed for this analysis are relative. Costs reflect planning-level 
estimates and may vary from -30 to +50 percent. For initial cost development, a 5% 
discount rate over the operational period was assumed for each alternative based on U.S. 
EPA "Guidance for Conducting Remedial Investigations and Feasibility Studies Under 
CERCIA (October 1988)." 

State Acce.ptance 
This assessment evaluates the technical and administrative issues and concerns that the 
State of Indiana may have regarding each of the alternatives. The analysis will include 
formal comments ·from meetings, agency reviews, and the transmittal of comments 
between agencies. ·State acceptance of the preferred alternative will be addressed 
subsequent to the public comment period on the Feasibility Study and proposed plan. 
Therefore, no discussion is included in this report. 
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This criterion incorporates public comments which have been provided to Federal and 
State agencies during the Remedial Investigation/Feasibility Study process. The analysis 
will address those alternatives which the community formally supports, bas reservations 
about, or opposes. Community input regarding the Feasibility Study will be solicited 
during the public comment period, during w)lich time the Feasibility Study report will be 
available for public review. A responsiveness summary will be prepared to address 
comments received during the public comment period. The public comments and 

responsiveness summary will be made a part of the Record of Decision. In general, 
there will not be a discussion o.f potential community acceptance in the following 
sections. However, representatives of the Town of Griffith have already expressed 
concern relative to the use of on-Site incineration as a treatment method at the Site. 
Therefore, these comments will be factored into the implementability sections of 
appropriate alternatives. 

4.2 Detailed Analysis of lndgendent and Medium-Specific ProcesS Options 
4.2.1 Groundwater and Surface Water Institutional Measures 
Description 
Deed restrictions, well closures, and long-term monitoring are discussed in detail in 
Section 3.3.1. 

4.2.2 Groundwater vertical Barriers 
Description 

A soil-bentonite slurry wall system is under consideration for the Site as described in 
Section 3.3.2. Slurry walls are being considered as a part of containment alternatives, as 

well as an aid in groundwater dewatering. Refer to Section 3.3.3 for a comparison of Site , 

dewatering pumping·rates based on preliminary groundwater modeling both with and 
without use of a slurry wall. A slurry wall system can also be used to prevent dewatering 
of the surrounding wetlands during groundwater extraction activities. The slurry wall 
approaches shown on Figure 3-2a and Figure 3-2b ~re under consideration for both 
containment and dewatering alternatives. In lieu of a slurry wall system, groundwater 
extraction wells or pipe and media drains could be placed downgradient of the ACS Site 

to serve as the method of off-Site containment of contaminants migrating off-Site in the 
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groundwater. A cost/benefit analysis for use of a slurry wall system to reduce 
groundwater pumping rates for alternatives involvillg Site dewatering would have to be 
performed during the design phase. ·-

Lon&· Term Effectiveness and Permanence 
A slurry w~l utilized for containment will greatly reduce the flow of contaminated 
groundwater off-Site as described in Section 3.3.2. LOng-term monitoring of a slurry wall 

is simply conducted by measuring groundwater levels from inside and 9utside the wall. A 
5 year review would be appropriate to confirm the, containment provided. Long-term 
effectiveness and permanence does not apply for a _slurry wall utilized simply to aid 
upper aquifer dewatering. 

Implementability 
The implementability issues associated with slurry walls are described in Section 3.3.2. 
Th~ choice of slurry wall option is dependant on the intended purpose (i.e., containment 
or dewatering), as well as the consequences of removing and possibly replacing the 
railroad tracks between the ACS facility and the off-Site areas. The feasibility of 
removing the railroad tracks is dependent upon the future operations of ACS. If ACS's 
future operations do not require use of .the railroad tracks, ~ey can easily be rerhoved 
without concern for replacing them. If ACS continues to require use of the railroad 
tracks, an alternative slurry-wall configuration (Figure 3-2b) or alternative ways of 
handling the railroad tracks may be appropriate (i.e., installing a concrete cap over the 
slurry wall at the railroad track crossing for replacement of the railroad tracks). At the 
,present time, ACS's continuing chemical manufacturing operations will require future 
use of the railroad tracks. An analysis of the Site dewatering requirements will be 
necessary during remedial design, as a part of groun({Water pump testing. 

4.2.3 Groundwater Extraction/Collection · 
Description 
Based on results of the groundwater modeling, the upper aquifer could be dewatered to 
within four to five feet of the-clay confining layer using the extraction scenario presented 
in the modeling assumptions and pumping at an initial rate of 200 gpm; the pumping rate 

'· 
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would reduce to 80 gpm after one year of pumping. Additional extraction locations 
(e.g., well points) would likely have to be added after initial dewatering has· begun to 
dewater the source areas down to the depth of the clay co·nfining layer. Contaminants 
were detected down to the depth .of the clay confining layer in all source areas., Site 
dewatering and off-Site groundwater collection for containment purposes could be 
accomplished using a series of sixteen to twenty groundwater extraction groupings as 
shown on Figure 4-3. Each extraction groupi~g would consist of one to four pumps 
capable of extracting 10 gallons per minute (gpm) maximum total flaw. The pumps may 
be placed in 4-inch diameter extraction wells or pipe and.media drains (refer to Section 
3.3.3 for a description of extraction wells and pipe and media drain construction). This 
configuration will create the best conditions for ef~icient dewatering of the Site and 
groundwater containment. This configuration was chosen based upon groundwater 
modeling presented in Appendix A Groundwater pump testing will be necessary to 
determine the exact number and spacing of extraction wells or drains. The groundwater 
extraction pumps will be manifolded together and piped to the treatment area shown on 
Figure 4-3. 

Phase lll sampling was performed as part of the RI in order to define the extent of 
impact to the lower aquifer. It appears that the lower aquifer may be impacted by low 
levels of organics (primarily chloroethane and bis (2-chloroethyl) ether). If it is 
determined that the risk levels associated with these levels of contamination in the lower 

· aquifer warrant remedial action, groundwater modeling and pump testing would have to 
be performed in order to design the lower aquifer extraction system and determine the 
increase in the groundwater pumping rate. 

Since the 200 gpm groundwater pumping rate established to dewater the Site without a 
slurry wall system is only required for the first few months of operation, excess capacity 
will then exist within the treatment system. Based on preliminary groundwater modeling 
results (refer to Section 3~3.3), approximately 80 gpm would be required to keep the Site 
dewatered during source treatment activities and an additional tO gpm to contain off
Site groundwater migration to the northwest of the ACS Site (refer to Supplement to 
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Appendix A). Initial modeling suggests that a lower aquifer extraction system would add 
approximately 100 gpm to the pumping rate. 

Two options for incorporating lower aquifer extraction into the groundwater pumping 
and treatment system include: 

design of the groundwater treatment system for 300 gpm with commencement of 
lower aquifer extraction at the beginning of source treatment activities; or 

design of the groundwater treatment system.for 200 gpm with commencement of 
lower aquifer extraction at the completion of ~urce treatmet:tt activities. 

Based on the Phase III lower aquifer sampling results, there does not appear to be a 
major breach in the clay confining layer between the upper and lower aquifers. 
Groundwater flow in the lower aquifer is from south to north across the Site. VOCs 
were detected<ift a single on-Site monitoring well (MW-09) located downgradient of the 
source areas. Monitoring wells located further dowrigl\ldient of MW -09 were not 
impacted. Additional sampling of the lower aquifer within the source areas is not 

proposed at this time because of, the potential to create a breach in the clay confining 
layer by drilling through it. 

The VOCs detected in MW-09 included chloroethane ~ bis (2-chloroethyl) ether. 
Because of their relatively high solubilities in water and low" soil adsorption coefficients, 
chloroethane and bis (2-chloroethyl) ether are the most mobile of the VOCs detected at 
the ACS Site. Chloroethane is a biological degradation product of the reductive 
dehalogenation of chlorinated ethenes (mcluding ~nyl chloride). The presence of low 
levels of only mobile VOCs, one of which is a pote~tial degradation product, at a single 
monitoring well would indicate that a major breac~ in the clay confining layer between 
the upper and lower aquifers has not occurred. 

All of the alternatives described in the following sections focus on preventing the off-Site 
m~gration of contaminants in the upper· aquifer quickly and then reducing the 
concentrations of source material over time. As discussed above, there is no off-Site 
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migration of contaminants in the lower aquifer. Concentrations of contaminants in the 
lower aquifer are several orders of magnitude less than in the upper aquifer and there 
does not appear to be a significant source of contamination in the lower aquifer. 
Therefore, groundwater in the lower aquifer can be addressed by continued monitoring 
while groundwater in the upper aquifer is extracted and treated. 

There are various uncertainties associated with the lower aquifer contamination. 
Limited action risks the possibility that contamination may disperse further into the 
lower aquifer, thus increasing remediation costs at a later date. Another uncertainty 
involves the fact that the lower aquifer monitoring wells were only screened in the first 
five to ten feet of the lower aquifer. Chloroethane, the primary VOC detected in the 
lower aquifer, has a density greater than water and could be present at depths below the 
screening interval. At the present time, contamination has only been detected in one 
lower aquifer well. Zones of higher contamination could exist in the lower aquifer that 
have yet to be detected by the current monitoring system. 

If monitoring of the lower aquifer shows that contaminant levels are increasing above 
acceptable levels or contaminants are migrating from the ~ite, the need for extraction of 
groundwater from the lower aquifer can be considered. It is possible that after 
groundwater and source treatment have reduced contaminant levels in the upper aquifer, 
the contaminant levels in the lower aquifer will diminish over time. 

For purposes of the detailed analysis of alternatives and groundwater treatment cost 
estimates in Section 4.0, ·it has been assumed that the groundwater treatment system 
would be operated at 200 gpm. Monitoring of off-Site contaminant migration within the 

. I 

lower aquifer would continue during source treatment activities. Lower aquifer pumping 
and treatment could be added to the surplus capacity that would exist for the 
groundwater treatment system following the completion of source treatment and Site 
dewatering activities. 

.J 

.J 

t 

J 

j 

I' .. 
J 

: 

"-' f '.J 

J 
I 

j 

i 

J 

J 
""-' 

-' 

J 



-

i ' ....... 

~--·/ 

-
i -
-
-

' ..... 

lmplementability 

Pcaibility Study 
r· Americ:u Qemical Service~ NPL Site 

JUDe 22, 1992 
Pap4-1S 

Groundwater extraction/ collection is a standard, proven technology for removal of 

contaminated groundwater and construction Site d~tering. Based on the results of the 
groundwater modeling presented in Appendix A, the Site could be sufficiently dewatered 

without a slurry wall if well points within the source areas provide any additional 

dewatering that may be required. Groundwater pump testing would be required to 
determine the optimal extraction well configuration and exact flow rates and influent 

contaminant concentrations. The effect of Site dewatering on the structural integrity of 

existing buildings and tank farm foundations would have to be evaluated. 

Because of the predominantly sandy soils in the upper aquifer at the Site, extraction 

wells and pipe and media drains should be equally effective for dewatering of the upp~r 

aquifer. Multiple extraction wells with pumps at an extraction grouping will reniove 

water across an area similar to the effect of placing perforated pipe in a trench leading to 

a single pump. However, there are trad'eoffs between extraction wells and pipe and 
media drains. 

Extraction wells .have a greater potential to become clogged by suspended solids in the 
groundwater. Repeated start-up and shut-down of a multiple well dewatering system 

over a potentially long period of time could stir up fine grained soils and other small 

particles in the groundwater. Grain size analyses at the Site performed during the RI. 
indicate that the upper aquifer sand layer contains between approximately four percent 

and 10 percent total silt and clay. A properly desigited sand pack around the well screen 

would help to filter out suspended solids in the groundwater. Pipe and media drains 
have a larger volume of well graded granular materi&t around the collection point which 

will generally screen suspended solids from the groundwater better than an extraction 

well. In addition, because there are fewer pumps with media drains, operation and 

maintenance costs are lower. 

Because the dewatering system is to be installed across portions of the Site that contain 

· contaniinated soils and buried waste, drill cuttings from extraction weiJs and trench spoils 

from pipe and media drains may have to be added to the soil volume req~iring 

treatment. The volume of soil removed is much greater for pipe and media drains than 

for extraction wells. In addition, extractio.n wells can be located to avoid contaminated 
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areas more easily than trenches, which would reduce the likelihood that extraction well 
drill cuttings would have to be treated or disposed of as hazardous wastes. 

Another potential disadvantage of pipe and media drains is that the trenches would · 
likely cave in during excavation due to the saturated sandy soil conditions. In order to 
dewater the Site to the clay confining layer, pipe and media drains would have to be 
installed at a depth of approximately 20 feet. Extensive shoring and bracing would . be 
required to prevent collapse, and to allow installation of the drain system. Unlike 
extraction wells which can be turned ·off and taken out of service when remedial action 
activities are completed, pipe and media drains could cause permanent impacts and 

- disturbances to surrounding wetlands. 

A pilot scale test to examine the cost effectiveness of extraction wells versus media 
drains could be conducted during final design. 

4.2.4 Treated Water Dischar&e 
4.2.4.1 Off-Site Dischar.&e 
Description 
Treated groundwater and process wastewaters, such as backwash water from ion 
exchange operations or condensate from in-situ steam stripping operations, may be 
discharged to the local POTW, Hammond Sanitary District, as described in Section 
3.3.4.1. Figure 4-3 shows a possible lateral connection location for the potential 
discharge of treated groundwater and process wastewaters. The potential effectiveness, 
of POTW discharges is described in Section 3.4.2. 

lmplementability 
~r. Jeffrey Massey, Pretreatment Coordinator for the Hammond Sanitary District, 
indicates that a discharge to the sanitary sewer would be acceptable as long as industrial 
waste discharge requirements are met. The most stringent of criteria listed in the City of 
Hammond, Indiana Industrial Waste Ordinance No. 4996 (Ord. No. 4996) and the U.S. 
EPA pretreatment standards would be applicable. Ord. No. 4996 currently exists in two 
forms, existing and proposed. The proposed ordinance is expected to go into effect 
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pending approval by the Hammond City Council. Whe!J. the proposed Ord. No. 4996 

goes into effect,. ACS's existing permit will be modified to reflect the changes. Mr. 
Massey has specified that 40 CFR 414 Subpart H (Emuent G~idelines an4 Standards for 
Specialty Organic Chemicals) would represent pretreatment criteria for a discharge from 
a groundwater treatment system at the ACS Site. 40 CFR 414 Subpart H regulates 
process wastewater discharges resulting from the manufacture of specialty organic 
chemicals and organic chemical groups. 

Since ACS also operates chemical manufacturing processes, ~he pretreatment regulations 
presented in 40 CFR 414 Subpart H would directly apply to those operations. However, 
40 CFR 414 Subpart H should not directly apply to a groundwater treatment system 
operated on the ACS Site independent of ACS's chemical manufacturing operations. 
Mr. Massey did indicate, though, that the Hammond POTW would apply the specialty 

· organic chemical pretreatment standards to the groundwater treatment system as well. 
Table 4-14 lists pretreatment criteria for ACS's existing permit, proposed Ord. No. 4996 

and 40 CFR 414 Subpart H. 

4.2.4.2 On-Site Dischme 
Description 
Four potential options exist for on-Site treated water discharge in accordance with 
NPDES requirements. These options could either be exercised individually or in 
combination. The optimum pump and treat approach ·to this Site would likely involve a 
combination_ of these discharge options. The first option involves piping treated 
groundwater to the drainage ditch north of the ACS facility to the location shown on 
Figure 4-3. The second option involves piping treated groundwater to Turkey Creek or 
one of its tributaries. Turkey Creek js approximately 4,000 feet southeast of the Site. 
The third option involves reinjection of treated &l:Oundwater, which could be done in 
conjunction with in-situ biological treatment to enhance the removal efficiency of the 
pump and treat system. The fourth involves discharge to wetlands west of the Site. 
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According to Joe Krueger, IDEM Division of Water Management,.discharge to a·stream 
or ditch is potentially viable depending upon Site circumstances. Discharge 
requirements for NPDES type discharges are generally well established and 
administratively feasible. However, specific levels for discharge are determined on a 
case by case basis. Table 4-14 lists MCI..s, water quality criteria and RCRA corrective 
action levels for contaminants of concern. These concentrations were used as effluent 

' discharge criteria for initial design purposes in order to evaluate the relative 
effectiveness and prepare the primary cost estimate for each groundwater treatment 
technology. They should not be considered cleanup criteria. 

Discharge to the ditch north of the ACS facility, subject to approval by the IDEM, 
provides a mechanism for recharging the wetlands that may draw down due to 
dewatering. Discharge to Turkey Creek provides an option if the ditch is· shown to be 
inappropriate for discharge. The lengthy piping run that would be required to discharge 
to Turkey Creek could cause disturbances and have an adverse impact on the 
surrounding wetlands. Discharge of water to the wetlands provides several benefits. The 
discharge of treated water would prevent dewatering of the wetlands. In addition, the 
discharge water could be used to flush residual levels of contaminants from sediments in 
the wetland. ' 

It is likely that· a combination of the discharge options would be used. For instance, 
some portion of the treated water could be used to recharge the wetlands and flush 
contaminants frotn wetland sediments, while another portion ·could be reinjected on
Site to enhance the removal efficiency of the pump and treat system. Flushing of 
wetland sediments would not likely be effective at removing adsorbed hydrophobic 
contaminants. A more detailed analysis of ~he impact of flows to the wetlands, drainage 
ditch or creek would have to be conducted during final design. 

A more aggressive pump and treat approach, which could include in-situ biological 
treatment, may be performed if initial groundwater pump and treat techniques are not , 
effective at r~mediating the upper and/or lower aquifers. If in-situ biological treatment 
of groundwater is performed, treated groundwater would be reinjected into ar~as of 
aquifer contamination to enhance contaminant removal achievable by groundwater 
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bibliography in Appendix, D, ·the following removal efficiencies and final effluent 

concentrations have been achieved by activated ~bon adsorption for the groundwater 
chemicals of concern at influent concentrations of_,. to 1000 ug/1 (i.e., activated carbon 

adsorption t~ be used strictly as a secondary treatment process option): 

volatile Ketone& (primarily acetone, methyl ethyl ketone and methyl isobutyl 
ketone): Removal efficiencies range between > 86% and > 92.8% with a final 
effluent concentration between < lOppb and <54 ppb. 

BEXT Compounds (primarily benzene): Removal efficiencies range between 
>80% and 99% with a final effiuent concentration between 0.1 ppb and < 10 
ppb. 

Chlorinated Metbanes (primarily methylene chloride): Removal efficiencies 
range between 67% and 99% with a final effiuent concentration between < 1.0 
ppb to 85 ppb. 

Chlorinated Etbenes (primarily vinyl chloride and tetracbloroethene ): Removal 
efficiencies range between 68% and 99.7% with a final effiuent concentration 
between 0.1 ppb and 32 ppb. Vinyl chloride is not amenable to activated carbon 
adsorption treatment · 

E1beu (primarily bis(2-chloroethyl) ether): Removal efficiencies range between 
49% and >97.7% with a final effluent concentration between < 10 ppb and 23 
ppb. 

PNAs (primarily naphthalene and its derivatives): Removal efficiencies range 
between > 73% and 99.97% with a final effluent concentration of < 10 ppb. 

Even though the following chemical groups are not included among the groundwater 

chemicals of concern, they have been included in the detailed analysis since they could 
be affected by potential groundwater discharge ARARs: 

Chlorinated Ethanes (primarily chloroethane and 1, 1-dichloroethane ): Removal 
efficiencies range between 58% and > 99.35% with a final effluent concentration 
between < 1.0 ppb and < 10 ppb. 
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, Isophorone - Removal efficiencies range between 57% and > 98.9% with a final 
effluent concentration between < 10 ppb and 23 ppb. 

Phenols (primarily 4-methylphenol and phenol): Removal efficiencies range 
between > 63% and 99% with a final effluent concentration of < 10 ppb. 

Chlorinated Benzenes (primarily chlorobenzene and 1,2-dichlorobenzene ): 
Removal efficiencies range between 91.3% and 99.7% with a final effluent 
concentration between 0.01 ppb and < 10 ppb. 

Phthalates (primarily bis(2-ethylhexyl) phthalate): Removal efficiencies range 
between 18% and 99% with a final effluent concentration between 0.1 ppb and 
220ppb. . 

~: Removal efficiencies exceed 99% with a final effluent concentration 
below analytical detection limits. 

Based on the above removal efficiencies and final effluent levels, and the selected 
discharge standards in Table 4-14, it is feasible that the NPDES and POTW discharge 

standards can be met for all of ·the chemical groups of concern by using activated carbon 

adsorption as a secondary treatment process option. Vinyl chloride is not amenable to 
activated carbon adsorption treatment, and would have to be treated to the appropriate 

discharge standards by the primary organics treatment process option. Some metals, 

ketones and chlorinated ethanes may also require treatment to acceptable discharge 
levels ·by a pretreatment process option and the primary organics treatment process 

option. 

It may not be feasible to ,treat bis(2-ethylhexyl) phthalate to its maximum contaminant 

level (MCL) of 4.0 ppb for discharge under an NPDES permit using activated carbon 

adsorption unless significant reduction is achieved during the primary treatment process 

option. The calculated maximum phthalate concentration in groundwater was only 20 

ppb. 

lmplementability 

Activated carbon adsorption is a proven technology for the treatment of contaminated 

groundwater. It would only be used as a secondary treatment process option as part of a 
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for activated carbon adsorption equipment are readily available. Only periodic operator 
attention is necessary to monitor carbon canisters for.breakthrough. Spent carbon would 

have to be handled as a RCRA hazardous waste and sent off-Site for regeneration. 
Complex metal ions present in groundwater would be removed by the primary treatment 
process options and would not be expected to interfere with a carbon adsorption 

polishing step. 

~ 
Costs associated with activated carbon treatment are included in the cost estimates for 

air stripping and biological treatment. 

4.2.7.2. Bioloaical Treatment 
Description 1 · · 
A description for the biological treatment of Jroundwater is presented in Section 3.4.1.1. 
Figure 4-4 presents a schematic process flow diagram and preliminary design 

information for a biological treatment system. 

Biological treatment of groundwater duces the toxicity and volume of organic 

contaminants by converting them to non-toxic compounds. Metals are not amenable to 
biological treatment. Eckenfelder (1989) presents a comparison of removal mechanisms , 
for various priority pollutants in activated sludge treatment systems. Volatilization is 

believed to be the predominant removal mechanism for chlorinated compounds such as 
1,1,1-trichloroethane, tricbloroethene and tetrachloroethene. Approximately 5% to 50% 
of the total removal can be attributed to volatilization for compounds such as BEXT 
compourids, methylene chloride, chloroform and carbon tetrachloride. Volatilization of 
VOCs from aerobic tr~tment systems does not repr~nt a reduction in their toxicity as 
a result of treatment. 

One and two carbon chlorinated compounds have been degraded most effectively 
anaerobically. However, vinyl chloride can be _degraded aerobically. Reductive 

dehalogenation .under anaerobic conditions is the ptimary mechanism fur the biological 

degradation of one and two· carbon chlorinated cm:itpounds. BEXT compounds can be 

degraded either aerobically or anaerobically. 
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The following approaches are potentially applicable to effectively biologically treat the 
compounds present in the groundwater at the ACS Site which are either refractory to 
biological treatment or are amenable only to anaerobic treatment: 

Recent research (Nelson, 1987 as referenced in Thomas, 1989) has shown the 
potential for aerobic degradation of trichloroethene and other compounds by an 
aromatic pathway in the presence of phenol, toluene or cresol (i.e., 
cometabolism). These aromatic compounds are present in the groundwater at 
the ACS Site. Cometabolism is the biological degradation of an organic 
substance by a microbe that cannot use the compound for growth and must rely 
on other compounds for carbon and energy. Thomas and Ward (1989) also 
report that certain chlorinated solvents can be cometabolized in the presence of 
methane and selected methanotrophs (methane-utilizing organisms). All of the 
chlorinated methanes, ethanes and etbenes were reportedly amenable to 
cometabolism in the presence of methane; 

It may be feasible to operate only an aerobic treatment process and allow for a 
certain level of volatilization to occur without violating applicable air emission 
ARARs or posing a threat to human health 'in the vicinity of the ACS Site. The 
primary groundwater contaminants, BEXT compounds and ketones, are 
amenable to aerobic biological treatment. Most of the chlorinated solvents most 
likely to volatilize from an aerobic treatment system have calculated maximum 
concentrations less than 1.0 ppm. The calculated maximum concentration for 
chloroeth~me is approximately 2.0 ppm; 

A powdered activated carbon treatment (PACf) system can be employed. 
PACT systems incorporate powdered activated carbon into conventional 
activated sludge systems. A combination of physical adsorption with biological 
treatment can be effective in treating Compounds which are potentially toxic to 
biological growth. Use of activated carbon in bioreactors allows more rapid 
initial removal and greater removal of slowly degradable refractory compounds. 
Upon reactor startups, the activated carbon concentrates materials on the 
carbon surface. With microbial growth, enhanced biodegradation occurs which 
enhances the life of the carbon. PACf systems also reduce the volatilization of 
adsorbable compounds. 

A series operation of aerobic and anaerobic fluidized bed or membrane 
bioreactors could be installed (i.e., sequence batch reactors). Vendors for 
combination aerobic and anaerobic treatment units are readily available;. 
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White rot fungus has been found to aerobically degrade several refractory 
compounds such as PNAs with more than tw.o to three benzene rings, PCBs and 
chlorinated phenols; 

Engineered or acclimated microorganisms can be used to degrade refractory 
compounds in either an aerobic or anaerobic treatment system. Studies have 
shown that properly selected microbial populations and maintenance of 
environmental conditions most favorable to their metabolic activity can degrade 
significant quantities of organic materials; and 

A secondary treatment process option(s), such as air stripping, carbon 
adsorption or UV /oxidation, capable of removing refractory compounds could 
be installed after the biological treatment system. 

Based upon a review of the U.S. EPA's WERL treatability database and other references 
presented in the- Section 4.0 bibliography in Appendix D, the following removal 
efficiencies and final effluent concentrations have been achi_eved by activated sludge and 
PACI' systems for the groundwater chemicals of concern. The activated sludge removal 

efficiencies include both degradation and volatilization. 

Volatile Ketones (primarily acetone, methyl ethyl ketone and methyl isobutyl 
ketone): Activated sludge removal efficiencies range between 99.09% and 
99.79% with a final effluent concentration between 0.9 ppb and 500 ppb for a 

. volatile ketones concentration ranging between 100 ppm and 300 ppm; while 
PACT removal efficiencies are approximately 99.4% with a final effluent 
concentration of approximately 14 ppb. 

BEXT Compounds (primarily benzene): Activated sludge removal efficiencies 
range between 49% and 99.9% with a final effluent concentration between < 0.1 
ppb and 4,100 ppb for a BEXT influent concentration ranging between 30 ppm 
and 100 ppm; PACT removal efficiencies range between 95% and 99.7% with a 
final effluent concentration between 0.3 ppb and 1500 ppb. 

Chlorinated Methanes (primarily methylene chloride): Activated sludge 
removal efficiencies range between 38% and 98.4% with a final effluent 
concentration between 1.3 ppb and 59 ppb for a chlorinated· methane influent 
concentration of approximately 200 ppb; PACT removal efficiencies range 
between > 70% and > 99.9% with a final effluent concentration between 9.0 ppb 
and <20ppb. 
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Chlorinated Ethenes (primarily vinyl chloride and tetrachloroethene ): Activated 
sludge removal efficiencies range between 30% and 99% with a final effluent 
concentration between < 0.6 ppb and 100 ppb for a chlorinated ethene influent 
concentration of approximately 200 ppb; PAct removal efficiencies range 
between 88% and >99.7% with a final effluent concentration between < 1.0 ppb 
and < 10.0 ppb. 

Ethers (primarily bis(2-chloroethyl) ether): Activated sludge removal 
efficiencies range between 67% and 983% with a final effluent concentration 
between < 13 ppb and 29 ppb for an ether influent concentration of 
approximately 2.0 ppm; P ACf removal efficiencies are approximately 53% with 
a.final effluent concentration of 44 ppb. 

PNAs (primarily naphthalene and its derivatives): Activated sludge removal 
efficiencies range,between 35% and >99.09% with a final effluent concentration 
between < 0. 7 ppb- and 42 ppb for a PNA influent concentration of 
approximately 100 ppb; PACT removal efficiencies range between > 90% to 
> 99.5% with a final effluent concentration between < 1 ppb and < 10 ppb. 

Even though the following chemical groups are not included among the groundwater 
chemicals of concern, they have been included in the detailed analysis since they could 
be affected by potential groundwater discharge ARARs: 

Chlorinated Etbanes (primarily cbloroethane and 1,1-dichloroethane): 
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Activated sludge removal efficiencies-range between 39% and 99.7% with a final ·....._; 
effluent concentration between < 0.3 ppb and 30 ppb for a chlorinated ethane 
influent concentration betWeen 1.0 ppm and 3.5 ppm; PACf removal efficiencies 
range between 71% and 99.7% with a final effluent concentration between <1.0 
ppb and 25 ppb. 

Iso.pborone - Activated sludge removal efficiencies range between >56% and 
>98.2% with a final effluent concentration between 3.0 ppb and < 10 ppb for an 
isophorone influent concentration of approximately 9.0 ppb; PACT removal 
efficiencies are approximately 97.5% with a final effluent concentration of< 1.0 
ppb. . 

Phenols (primarily 4-methylphenol and phenol): Activated sludge removal 
efficiencies range between 68% and > 79% with a final effiuent concentration 
between < 1.0 ppb and 1300 ppb for a phenol influent concentration of 
approximately 4.0 ppm; PACT removal efficiencies are approximately 96% with 
a final effluent concentration of approximately 160 ppb. 
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Chlorinated Benzenes (primarily cblorobenzene and 1,2-dichlorobenzene): 
Activated sludge removal efficiencies range ~een ·37% and 99.3% with a final 
eftluent concentration between <2.0 ppb and 270 ppb for a chlorinated benzene 
influent concentration of approXimately 300 ppb; PACT remOval efficiencies 
range between 90% and > 99% with a filial effiuent concentration between .3.0 
ppb and 30 ppb. 

Phtba}ates (primarily bis(2-ethylhexyl) phthalate): Activated sludge removal 
efficiencies rang~ between 37% and 99% with a final effluent concentration 
between < 1.0 ppb and < 15 ppb for a phthalate influent concentration of 
approximately 20 ppb; PACf removal efficiencies range between 67% and 
99.5% with a final effluent concentration of <2.0 ppb to 22 ppb. . , 
B:Bs - Activated sludge removal efficiencies range between 44% and 79% with 
a final effluent concentration between 0.2 ppb and 0.5 ppb for a PCB influent 
concentration of approximately 2.0 ppb. No data was available for P ACf 
treatment. 

Based on the above removal efficiencies and final emuent levels, and the selected 
discharge standards in Table 4-14, neither the NPDES nor P01W discharge standards 
appear likely to be met using conventional aerobic treatment systems for the BETX 
compounds, chlorinated methanes, chlorinated ethanes, chlorinated ethenes, chlorinated 
benzenes and phenols. Either a modified biological treatment system (e.g., PACf 
system) or a secondary treatment process option (e.g.; air stripping, activated carbon 
adsorption or UV /oxidation) would be required to meet the applicable discharge 
standards. All P01W diScharge standards appear likely to be met if a PACT system, or 
equivalent, is employed. However, NPDES discharge standards for benzene and various . . 

chlorinated compounds are still not likely to be met without the use of a secondary 
treatment process option. 

Implementability 
' Aerobic and· anaerobic biological treatment are proven technologies for industrial 

wastewaters and contaminated groundwater, and have been selected as a groundwater 
treatment technology in numerous CERClA Records of Decision (RODs) . 
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If in-situ biological treatment of groundwater is selected, treated ·groundwater from the . ' 
above-ground biological treatment system could be reinjected, instead of discharged. 
This could decrease the operational costs for in-situ biological treatment (e.g., nutrient 
addition, etc.). Biological treatment is applicable to contaminant levels up to 
appr~ximately 4,000 ppm. · The total maximum VOC and SVOC groundwater 
concentration determined from data presented in Table 4-7 is approximately 400 ppm. 
Since monitoring wells were not located within the areas of buried wastes and soil 
contamination, initial contaminant influent concentratipns may be significantly higher. 
Biological tr~atment is better capable of handling both higher, as well as fluctuating, 
influent contaminant concentrations than the other groundwater treatment process 
options. 

Treatability and pilot studies would be required to evaluate a range of design conditions 
and treatment processes in order to optimize the removal efficiencies and degradation 
rates for the organic contaminant matrix present in the groundwater at the ACS Site. 
Both a treatment mechanism and the type of biological system would have to be 
selected. Various forms of fluidized and fixed bed bioreactors, activated sludge systems, 
rotating biological disks and trickling filters may be applicable. Rotating biological 
contractors are often used at hazardous waste sites because they are compact, can handle 
large flow variations and organic shock loads and do not require use of aeration 
equipment. 

Daily operator attention is required, but is limited to approximately two hours per day. 
Biological treatment sludge would require off-Site disposal and would likely qualify as a 
RCRA hazardous waste. If a PACf system is used, spent carbon would require either 
off-Site regeneration or disposal as a RCRA hazardous waste. Vendors for aerobic and 
anaerobic biologiCal treatment equipment are readily available . 

.Q2s.t - Capital and annual O&M costs for a groundwater pumping rate of 200 gpm are 
presented in Table 4-15. Design assumptions for purposes of the cost estimate are 
presented in Figure 44. 

1 

i ... 

J 

j 

J. 
·J 

'--J 
J 

J 

J 

J 



I 
I -
-

Feasibility Study 
American Olemical Set'Yices NPL Site 

June 22, 1992 
Pap4-29 

4.2.7.3 UV/OxidatiQn 
DescriptiQn 
A description ,for the UV /oxidation treatment ofP,oundwater is presented in 3.4.1.3. 
Figure 4-5 presents a schematic process flow diagram and preliminary design 
information for a UV /oxidation system. 

Reduction of Ioxjcit)'. MobiJin' and Yolume Throop Treatment 
UV /oxidation reduces the ·volume and toxicity of organic contaminants by converting 
them to non-toxic compounds. Based on a review of vendor literature, all of the 
groundwater chemicals of concern are potentially amenable to UV /oxidation treatment. 
Metals are not amenable to UV /oxidation treatment. Organic compounds with double 
bonds (e.g. chlorinated ethenes, aromatics, ketones) are more amenable to oxidation. 
Compounds without double bonds, but high Henry's Law constants, are more likely to be 
strip~d out of the groundwater by the ozone gas. Significant percentages of V~ (5% 
to 15%) which are less susceptible to oxidation have been measured to be stripped out of 
the groundwater by the ozone and transferred to the vapor phase. During the March 
1989. field demonstration of the Ultrox International UV /oxidation unit as part of the 
U.S. EPA SITE Program, ozone and VOC off-gas destruction efficiencies for the 
catalytic treatment unit were measured to.be greater than 99.99%. 

Results of the SITE demonstration (U.S. EPA September 1990) showed minimal 
reductions in groundwater TOC following treatment~ suggesting that incomplete 
oxidation of organic compounds bad occurred. However, contaminants comprised only 
2% of the IOC, thus making a statistical comparison difficult. Other Superfund Target 
Compound List VOC and SVOC compounds were not detected as possible degradation 
products following treatment. Data regarding degradation product evaluation is not 
available for review. An evaluation of potential degradation products and their 
corresponding toxicities may have to be performed as part of a treatability or pilot study. 
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The following potential removal efficiencies for the groundwater chemicals of concern 
were identified based on a review of U.S. EPA (September 1990), available vendor 
literature and the U.S. EPA WERL treatability database: 

Ketones (primarily acetone, methyl ethyl ketone and methyl isobutyl ketone): 
Data was not available for these compounds. 

BEXT Compounds (primarily benzene): Removal efficiencies range between 
99% and 99.9% with a final effluent concentration below analytical detection 
limits for a BEXT influent concentration ranging between 30 ppm and 100 ppm. 

Chlorinated Methanes (primarily methylene chloride): Removal efficiencies 
range between 99% and 99.9% with ·a final effluent concentration between 
below analytical detection limits and 3.0 ppb for a chlorinated methane influent 
concentration of approximately 200 ppb. · 

Chlorinated Ethen§ (primarily vinyl chloride and tetrachloroethene ): Removal 
efficiencies range from 86% to 99.9% with final effluent concentrations between 
below analytical detection limits and 4.0 ppb for a chlorinated ethene influent 
concentration of approximately 200 ppb. 

Ethers (primarily bis(2·chloroethyl) ether): Removal efficiency of 
approximately 99.7% with a final effluent concentration of <6.0 ppb for an ether 
influent concentration of approximately 2.0 ppm. 

PNAs (primarily naphthalene and its deriv{ltives): Removal efficiency of >88% 
with a final effluent concentration of <2.0 ppb for a PNA influent concentration 
of approximately 100 ppb. 

Even though the following chemical groups are not included among the groundwater 
chemicals of concern, they have been included in the detailed analysis since they could 
be affected by potential groundwater discharge ARARs: 

Chlorinated Ethanes (primarily chlotoethane and 1,1·dichloroethane): Removal 
efficiencies range from 40% to 85%. No representative effluent concentrations 
were reported for a chlorinated ethane influent concentrations ranging between 
1.0 and 3.5 ppm. 
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Phenols (primarily 4-methylphenol and phenol): Removal efficiency of 
approximately 98% with a fmal effiuent concentration of less than 100 ppb for a 
phenol influent concentration ranging between 3.0 and 4.0 ppm. 

Chlgrinated Benzene (primarily chlorobenzene and 1,2-dichlorobenzene ): Data 
was not available for these compounds. 

Phtbalate (primarily bis(2-ethylhexyl) phthalate): Removal efficiency of 
approximately >87% with a final effluent concentration of <3.0 ppb for a 
phthalate influent concentration of approximately 20 ppb. 

· ~: Removal efficiencies range between 99.6% and 99.9% with final effluent 
concentrations be~een below analytical detection limits and 0.2 ppb for a PCB 
influent concentration of approximately 2.0 ppb. 

Based on the above removal efficiencies and final effluent levels, and the selected 

discharge standards in Table 4-14, it is feasible that the NPDES and P01W discharge 

standards can be met for an of the chemical groups of concern by uv 1 oxidation 
treatment. A secondary treatment process option (e.g. carbon adsorption) would not be 
required. 

lmplementability 

Based on a review of vendor literature, UV /oxidation is applicable to contaminant levels 
up to 1,000 ppm and total organic carbon levels of 20,eM ppm. The total maximum 

VOC and SVOC groundwater concentration determined from data presented in Table 4-
7 is approximately 400 ppm. As mentioned earlier, monitoring wells were not located 

within the areas of burled wastes and soil contami~tion. If actual concentrations are 

significantly higher during initial dewatering, UV /oxidation of. groundwater may not be 
feasible as the primary method of treatment. Dilution of irifluent groupdwater from off

Site or lower aquifer pumping, however, may occur since contaminant concentrations in 

these areas are significantly lower. UV /oxid~ttion could still be used as a secondary 
treatment process option instead of carbon adsorption following biological treatment or . 
air stripping. 
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UV I oxidation has been used on full scale groundwater cleanups at a limited number of 
sit~s in the last few years. Groundwater contaminant matrices similar to the ACS Site 
have been reported to be successfully treated using UV /oxidation based on vendor case 
studies. UV /oxidation treatment of groundwater has been selected as the remedial 
action alternative in two recent CERCI.A RODs; one involving treatment of chlorinated 
eth(mes and the other wood-treating phenols. The chlorinated ethene ROD was for the 
same site where the SI1E program demonstration was performed. Vendor availability 

for UV I oxidation systems is limited. 

High metals and suspended solids concentrations in the groundwater can foul a 
UV /oxidation system, thus requiring pretreatment. These conditions exist in the 
groundwater samples collected at the ACS Site. A metals pretreatment system would be 
required. Adjustments to groundwater pH based on alkalinity levels may be required to 
optimize treatment efficiency. Maintenance of the ozonation system, UV /lamp 
assembly, ozone decomposition unit and 9ther miscellaneous system parts is required. 
Daily operator attention and sampling is required, but is limited to approximately two 
hours per day. 

. 
A treatability and/or pilot study is required to optimize ozone, hydrogen peroxide and 
UV combinations and dosages. It is likely that follow-up testing would be required to 
alter these dosages as groundwater contaminant concentrations decrease with time. The 
gas to liquid ratio can be used to control the amount of contaminant stripping that 
occurs. 

~ - Capital and annual O&M costs for a groundwater pumping rate of 200 gpm are 
presented in Table 4-15. Design assumptions for purposes of the cost estimate are 
presented in Figure 4-5. 

4.2.7.4 Air Striwin& 
D 

. . 
escnption 

A description for the air stripping of groundwater is presented in Section 3.4.1.4. Figure 
4-6 presents a schematic process flow diagram and preliminary design information for an 
air stripping system. 
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Reduction of Joxicizy. Mobility or Yolume Throy&h Treatment 
Air stripping of groundwater transfers organic CO!Jlpounds to the air phase. If vapor 
phase treatment is Used, the destruction of organicS as a result of thermal treatment or 
spent carbon regeneration would result in an .overall toxicity and volume reduction of 
contaminants in the groundwater. Metals are not amenable to air stripping treatment. 
Based on a review of the U.S. :PPA's WERL treatability database and other references 
presented in the Section 4.0 bibliography in Appendix D, the following removal 
efficiencies and final effiuent concentrations have been achieved by air stripping for the 
groundwater chemicals of concern: 

Volatile Ketones (primarily acetone, methyl ethyl ketone and methyl isobutyl 
ketone): Removal efficiency is approximately 91.5% with a final effluent 
concentration of approximately 10 ppm for a volatile ketone influent 
concentration ranging betweeri 100 ppm and 300 ppm. 

BEXT Compounds (primarily benzene): Removal ·efficiencies range between 
73% and 99.3% with a final effluent concentration-between 52 ppb and 9300 ppb 
for a BEXT influent concentration ranging between 30 ppm and 100 ppm. 

Chlorinated Metbanes (primarily methylene c'-loride): Removal efficiencies 
range between 96.9% and 99.9% with a final effluent concentration between 
< 0.1 ppb and 18 ppb for a ·chlorinated metijme influent concentration of 
approximately 200 ppb. ,L; 

Chlorinated Ethenes (primarily vinyl chloride an~trachloroethene ): Removal 
efficiencies range from 72% to 99.9% with a final effluent concentration 
between 0.2 ppb and 57 ppb for a chlorinated ethene influent concentration of 
approximately 200 ppb. 

Ethers (primarily bis(2-chloroethyl) ether): No data is available for these 
compounds. Based on their Henry's law constants and an influent concentration 
of approximately 2.0 ppm, ethers would not be expected to be amenable to air 
stripping. 

PNAs (primarily naphthalene and its derivatives): Removal efficiencies range 
from 10% to 91% with a final effluent concentration of 37 ppb to 100 ppb for a 
PNA influent concentration of approximately 100 ppb. 
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Even though the following chemical groups are llot included among the groundwater 
chemi~s of concern, they have been included in the detailed analysis since ·they could 
be affected by potential groundwater discharge ARARs: 

Chlorinated Ethanes (primarily chloroethane and 1,1-di<:hloroethane): Removal 
efficiencies range from 89% to 99.7% with a final effluent concentration ranging 
between 0.2 ppb and 140 ppb for a chlorinated ethane influent concentration 
ranging between 1.0 ppm and 3.5 ppm. 

Iso.phorone - Removal efficiency is approximately 33% with a final effJuent 
concentration bf approximately 6.0 ppb for an isophorone influent concentration 
of approximately 9.0 ppb. 

Phenols (primarily 4-methylphenol and phenol): No data are available for these 
compounds. Based on their Henry's law constants and an influent concentration 
ranging between 3.0 to 4.0,ppm, phenols would not be expected to be amenable 
to air stripping. . · · 

Chlorinated Benzenes (primarily chlorobenzene and 1,2-dichlorobertzene ): 
Removal efficiencies range between > 83% and 97% with a fihal effluent 
concentration between 0.18 ppb and < 23 ppb for a chlorinated benzene influent 
concentration of apJ>roximately 300 ppb. 

Phthalates (primarily bis(2-ethylhexyl) phthalate): No data is available for these 
compounds. Based on their Henry's law constants and a phthalate influent 
concentration of approximately 20 ppb, phthalates would not be expected to be 
amenable to air stripping. 

· .fe.fu: No data is available for these compounds. 

Based on the above removal efficiencies and final effluent levels, and the selected 
discharge standards in Table 4-14, a secondary treatment process option may be required 
after the air stripping operation to meet both the NPDES and POTW discharge 
standards. Secondary treatment of benzene may be required. Similarly, although 
potential discharge standards could not be identified for the ketones, their high influent , 
concentrations and relatively low air stripping treatment efficiencies would likely require 
secondary treatment to meet discharge standards that would be established by the 

responsible Agencies. . 
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Other chemical groups that may not meet either ~DES or P01W discharge standards 
using air stripping without secondary treatment are the phenols and PCBs. The 
phthalates would be expected to meet the POTW, but not the NPDES, discharge 
standards. Of the chemical groups not amenable to air stripping, the calculated 
maximum influent concentrations for the ethers, PNAs a~d isopborone are below the 
selected NPDES and P01W discharge standards and, thus, may not require treatment. 

Implementability 
Air stripping is a p~oven technology for the treatment of contaminated groundwater, and 
is the most frequently selected groundwater treatment technology in CERCI..A RODs to 
date. Air stripping is usually cost effective for contaminant influent concentrations up to 
approximately 100 ppm. The total maximum VOC and SVOC groundwater 

l 

concentration detem;rined from data presented in Table 4-7 is appr~ximately 400 ppm. 
Since monitoring wells were not located within the source areas of buried wastes and soil 
contamination, initial contaminant concentrations may be significantly higher. Air 
stripping alone may not be sufficiently flexible to effectively treat influent concentrations 
at these levels in a cost effective manner. Dilution of influent groundwater from off-Site 
or lower aquifer pumping, however, may occur since contaminant concentrations in these 
areas are significantly lower. 

The air stripping tower would require periodic operator attention and maintenance, as 
would an activated carbon adsorption seco~dary treatment process option (refer to 
Section 4.2.7.1). A metals and suspended so1ids pretreatment system may be required 
based on groundwater samples collected at the ACS Site. A pilot study would be 
required to determine the influent contaminant concentrations and optimize the 
operation of the air stripping tower. It is likely that follow-up adjustments to the 
air /water ratio would be required as groundwater contaminant concentrationS decrease 
with time and with the inclusion of lower aquifer .extraction. Periodic maintenance 
would also include backflushing the system to remove; .buildup of iron and bacteria 
sludge. Vendors for air stripping towers are readily available. . 
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As mentioned earlier, ketones are not readily strippable under normal operating 
conditions. Ketones also have high carbon usage requirements if a carbon adsorption 
secondary treatment process option is added. It is also possible that benzene levels will 
not meet applicable discharge ARARs following air stripping because of its potentially 
high influent concentrations. 
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An option to improve the removal efficiencies for the ketones and benzene is to preheat 
the influent groundwater. Case studies (Halvorsen and Ohneck and U.S. EPA, 1988) 
have shown dramatic improvement in the removal efficiencies of methyl ethyl ketone by 
preheating the influent groundwater. Henry's Law constants are temperature 
dependent. Increasing the temperature of the groun4water increases the Henry's Law 
constants (i.e., strippability) of the contaminants by decreasing solubility in water and 
increasing vapor pressure. If thermal treatment of.off-gases from the air stripping tower 

'-J 
J 

is employed in order to _meet VOC emission ARARs, waste heat from the unit can be 

used to preheat the influent groundwater. J 
The discharge of heated groundwater effluent on-Site to receiving bodies discussed in J 
Section 4.2.4.2 may be subject to Indiana Water Quality Standards ARARs. Heat (ie., 
temperature) is considered a potential poiJutant, which can be subject to NPDES permit 
conditions and Indiana Water Quality Standards. lAC 2-1-6 prohibits the discharge of 
water at temperatures which would either adversely impact the aquatic biota, 
microorganism or wildlife species, or cause a rise at any time or place above natural J 
temperatures of sop or more. If the temperature of treated groundwater violates 
Indiana Water Quality Standards -t\RARs, a heat exchanger \YOUld have to be placed 
after the air stripping tower in order to cool the effluent to an acceptable temperature. 
Cooling water for th~ beat exchanger would likely be supplied by installing a cooling 
tower as part of the treatment system. This would result in an increase in the capital 
( approxim~tely $40,000) and 0 & M costs for the air stripping process option. These 
cost increases would not be signifi~ant in relation to the total cost of a groundwater 
treatment system. 
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Because the Site is located in a current U.S. EPA non-attainment area for ozone, 

treatment of off-gas from the stripper will probably be required. It has been assumed 
that a thermal treatment unit would be used for oft.;gas treatment for the purpose of the 
cost estimates. Heat from the unit can alSo be used to preheat groundwater prior to 

stripping. 

£Qs - Capital and O&M costs for a groundwater pumping rate of 200 gpm are presented 
in Table 4-15. Design assumptions for purposes of the cost estimate are presented in 

Figure 4-6. 

4.2J.5 Ion Excban&e 
Description 
A description for the ion exchange treatment of groundwater is presented in Section 

3.4.1.7. Ion exchange preliminary design information is presented in the corresponding 
figures for the primary treatment process options. -

Reduction of Toxicity. Mobility or Yolume Throu&h Treatment 

Ion exchange is potent!ally appliCable for removing all of the inorganic metals detected 
in the groundwater at the ACS Site, thus reducing the volume of metals present in the 
groundwater. Patterson (1985) discusses the expected ion exchange removal efficiencies 
for several of the metals present in the ACS Site's groundwater. Ion exchange removal 
efficiencies range from 75% to 99% for dilute inorganic influent concentrations up to 
approximately 4,000 mg/1. The calculated maximum total metals influent concentration 
determined from data presented in Table 4-7 fs 1,000 ppm. Patterson reports an ion 
exchange removal efficiency for arsenic of 77% based on a maximum arsenic influent 

concentration of 20 ppb. Based on the calculated maximum influent concentrations and 

selected discharge standards in Table 4-14, all of the influent concentrations for the 
' metals are below the selected NPDES and POTW discharge standards and, thus, may 

not require treatment. 

Implementability 

For the most part, ion exchange is not capable of selectively removing specified metals. 

It may prove difficult to treat specified metals to applicable discharge standards if other 
metals present in high concentrations use up available ion exchange capacity. As 

mentioned earlier, it may not be necessary to treat any metals in order to meet NPDES 
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or POTW discharge standards. If this is the case, ion exchange could still be used as a 
metals pretreatment process option in order to prevent interference with the primary 
organics treatment process option. 

Ion exchange is a proven technology for metals removal from industrial wastewaters and 
contaminated groundwater. Vendors for ion exchange units are readily available. Only 
periodic operator attention is necessary to backwash the ion exchange unit when its 
capacity has been spent. A 'pilot study would be required to evaluate the influent metals 
concentrations, removal efficiencies and regeneration requirements. 

~ 
Capital and annual O&M costs for a groundwater pumping rate of 200 gpm are 
presented in Table 4-15. Design assumptions for purposes of the cost, estimate are 
presented in Figure 4-6 and Appendix C. 

4.2.8 Thermal Treatment of Buried Waste and/or SOils 
4.2.8.1 On-Site Incineration 
D 

.. 
escnptton 

A description of thermal treatment techniques for buried wastes and soil is presented in 
Section 2.5.2.2. Figures 4-8 presents a schematic process flow diagram and preliminary 
design information for on-Site in~neration. 

Reduction of ToxiCity. Mobility or Volume Throuah Treatment 
Incineration of buried wastes and/or soil reduces the toxicity and volume of organic 
contaminants by destroying them. Metals are not amenable to incineration treatment, 
but would be immobilized if fixation of the resulting ash is perfonped. Combustion 
products include carbon dioxide, water and other off-gases of incomplete combustion. 
These off-gases are typically treated using appropriate scrubber systems. Excluding the 
inorganic metals, all of the chemical groups of concern are amenable to incineration 
technologies. Incineration treatment efficiencies typically exceed 99.99%. 
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Incineration is a proven technology for the treatment of wastes and soil, and is a -fr~quently selected waste ~d soils treatment technology in CERCLA RODs. Even 
though vendor availability for mobile on-Site incineration is somewhat limited, there are 
more potential vendors than for low temperature thermal. treatment Since all organic 
matter in soil is destroyed during the ~ncineration process, the volume of destroyed 
organics would have to be replaced with cfean fill materials. Because the water consists 
of high concentrations of organics, a significant amount of backfill may be require~ in 
the waste areas. A pilot test burn would be required to optimize the incineration 
operating parameters. There is likely be significant public concern relative to placing an 

incinerator at the Site. 

~-Refer to Section 4.3.7 

4.2.8.2 On-Site Low Temp$3'ature Thermal Treatment 
Description 
A description of thermal treatment technologies is presented in Section 25.2.2. Figure 
4-9 presents a schematic process flow diagram and preliminary design information for 
on-Site low temperature thermal treatment. 

Reduction in Toxicity. Mobility and Yolume Throu&}l Treatlnent 
Low temperature thermal treatment reduces the toxicity and volume of organic 
contaminants by destroying them in a catalytic afterburner. Metals are not amenable to 
lo~ temperature thermal treatment, but would be immobilized if fixation of the soil is 
performed .. Off-gases for low temperature thermal treatment are significantly less than 
incineration, and would also be treated using appropriate scrubbing systems. BEXT 
compounds, chlorinated methanes, chlorinated ethanes, chlorinated ethenes and volatile 
ketones are amenable to low temperature thermal treatmenL Since low temperature 
thermal treatment has been limited, to date, to the remediation of VOC- and petroleum
contaminated soils, a pilot study would be required to ascertain the treatability of the 
SVOCs, which include PCBs, phthalates, PNAs, phenols, ethers, organic acids, 
chlorinated benzenes, and isophorone. 
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Based on a review of the U.S. EPA WERL treatability database, a pilot study which 
included bis(2-ethylhexyl) phthalate ,resulted in a treatment efficiency of 64% at 3500F 
and > 99% at 5500F. This data suggests that the SVOCs are amenable to low 

, temperature thermal treatment at operating temperatures between SOOOF and 6000F. A 

pilot study which included tetrachloroethane resulted in a treatment efficiency of 98.8% 
I 

at 3500F and 99.99% at an operating temperature of 5500F. Removal efficiencies for 
BEXT compounds have exceeded 99%. Pilot study data presented in Fox and Alperin 
reported successful treatment of PNAs, as well as reductions of PCB levels in soils from 
feed concentrations ranging between 200 ppm and 40,000 ppm to a final concentration of 
less than 2.0 ppm at treatment tempera~res of approximately 6000F to 10000F. Based 
on bench and pilot scale studies presented in U.S. EPA (December 1990) and Chemical 
Waste Management (February 1990), removal efficiencies in excess of 99.5% are 
attainable for PNAs, chlorinated benzenes and PCBs, with final concentrations ranging 
from approximately 2.0 mg/kg for individual compounds to below analytical detection 
limits for operating temperatures of 5000F or greater. 

Implementability 
Low temperature thermal treatment has been used on full scale soil remediations at a 
limited number of sites in the last few years. Its applications, to date, have been limited 
to simple contaminant matrices and petroleum derivative compounds. Low temperature 
thermal treatment has been mentioned in five recent CERCLA RODs as being a 

· possible technology for treating soils with a similar contaminant matrix as the ACS Site. 
Pilot studies are being proposed for each of these sites. · 

Low temperature thermal treatment units are ~esigned to treat soils or sludges 
containing less than 10% total organics. The total weighted average VOC and SVOC 

buried wastes and soil level for the Off-Site Containment Area is 3.3% (i.e., 33,000 ppm). 
This would be within the capabilities of low temperature thermal treatment. 

The total maximum VOC and SVOC buried waste level for the Off-Site Containment 
Area based on BRA exposure levels is 85% (i.e., 850,000 ppm). Even though this level is 
expected to be significantly higher than what is actually encountered, the total organics 
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level in the buried waste would be expected to exceed 10%. Some mixing of waste with 
less contaminated soil rna)' be required to bring the mixture within the range of the 
equipment. < 

Both a pilot study and test burn would be required to evaluate the ability of low 
temperature thermal treatment to handle the organic contaminant matrix of concern, as 
well as to optimize the operational pafa!Deters. Since soil is not destroyed during the 
treatment process, it is feasible to place it back onto ·the ACS Site and eliminate the 
requirement for.backfill material. A variance froni the RCRA land-ban requirements 
may have to be obtained in order to place treated soils back on-Site. There may be 
significant public concern relative to placing a low temperature unit at the Site. 

~-Refer to Section 4.3.7 

4.2.9 Biolo&ical Treatment of Buried Wastes and Soil 
4.2.9.1 I and Farmina 

J?escription 
A description of the biological treatment of buried wastes and soil is presented in 
Section 3.5.1.1. Figure 4-11 presents a schematic process flow diagram and preliminary 
design information for land farming treatment. 

lmplementability 
Land farming is a proven method of biological treatment for soils, and is the most 
frequently selected method of biological treatment in CERCIA RODs. A very large 
area would be required to construct land farm treatment cells because of the volume of 
buried waste and soils requiring treatment, and the relatively slow biodegradation rates 
experienced under land farm conditions. Some of ACS's chemical manufacturing 
operations may be impacted by the need to provide $Ufficient surface area. 

Compounds either not amenable or refractory to aerobic degradation are likely to 
volatilize during treatment and would not be degraded. Off-gases would have to be 
collected and treated if applicable air emission ARARs are exceeded, or the VOC 
emissions pose a threat to human health in the vicinity of the ACS &ite. It is not feasible 
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to conduct both aerobic and anaerobic biological treatment under land farm conditions. 
It would also be difficult to introduce cometabolized and/or engineered microorganisms 
in a homogeneous manner to land farm treatment cells. 

Material handling requirements for land farming are much less ~an for slurry-phase 
bioreactor treatment, thus reducing the potential for vohitilization during material 
handling activities. Construction of land farm treatment cells is relatively simple if off
gas collection and treatment is not required. Laborers would only be required to be on
Site on a periodic basis to monitor and maintain the land farm treatment cells. 
Maintenance would include periodic mixing of the waste Mth tilling equipment to 
enhance.and ensure that proper decomposition is occurring in the treatment zone. 

~ - Refer to Section 4.3.8 

4.2.9.2 Slurry-Phase Bioreactor 
Description 
A description of the biological treatment of burie~ wastes and soil is presented in· 
Section 3.5.1.1. Figure 4-12 presents a schematic process flow. diagram and preliminary 
design information for slurry-phase biore~ctor treatment. 

lmplementability 
Slurry-phase bioreactors have been used on full scale soil cleanups at a limited number 
of sites in the last few years. There are no known CERCI.A Sites where slurry-phase 
bioreactor systems are being used on a full scale. Pilot studies are currently being 
conducted at several CERCIA Sites in order to evaluate the feasibility of using slurry
phase bioreactors on large-scale remedial action projects. Slurry-phase bioreactor 
treatment can be implemented over a smaller area than Ian~ farm treatment because of 
faster biodegradation rates which are _achievable. Because of the volume of soil 
requiring treatment, however, multiple bioreactor units would have to be simultaneously 
operated to provide sufficient treatment capacity. 
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Increased contact time between microorganisms and contaminants yield faster 
biodegradation rates and higher and more consis~nt removal efficiencies. Greater 
process control and removal capabilities are potentially achieyable in a slurry-phase 
biological treatment system. A series operation of aerobic and anaerobic bioreactors can 
be installed to degrade all of the chemicals of concern and minimize VOC emissions due 
to vo1atilization. Introduction of cometabolites and engineered microorganisms can be 
accomplished in a more controlled homogeneous manner in a sl~-phase bioreactor 
system. Recycling of acclimated microorganisms also yields higher removal efficiencies 
than is achievable in a land farm treatment system. .Since extracted groundwater can be 
incorporated into a slurry-phase bioreactor treatment, the volume of groundwater 
required to be treated by the on-Site groundwater treatment system could be reduced 
once buried waste and soils treatment begins. 

Material handling requirements for slurry-phase bioreactors ~e much greater than for 
land fanning, thus increasing the pot~ntial for volatilization during material handling 
activities. Wastewater generated during the final slurry separation process would. either 
have to be-·discharged under an NPDES or POTW permit, or added to the on-Site 
groundwater treatment system. Laborers would be required on a continuous basis to 
operate the slurry-phase biorea~or system. 

~ - Refer to Section 4.3.8 

4.3 Detailed Analysis of Remedial Action Alternatives 

4.3.1 Altematiw 1- No Action Alternative 
DesgjptiQD 
The no action alternative is required by the (revised) NCP to be carried forward for 
detailed evaluation. It 'is a no cost alternative that is retained to provide a baseline 
comparison to the other alternatives. Continued monitoring may be required as part of 
the no action alternative. 

Overall Protection of Human Health and the Environment 
The current levels of risk presented in the BRA would not be reduced by the no action 
alternative except through natural attenuation mechanisms. The presence of buried 
wastes below the water table, as well as contaminants which are soluble in water, would 



Feasibility Study 
American Chemical Services NPL Site 

June 22, 1992 
Pa&e444 

provide a continuing source of upper and lower aquifer impact. Since the \urrounding 
wetlands serve as a localized area for groundwater discharge, they would likely be 
impacted by contaminants migrating in groundwater. Downgradient reside~tial water 
wells used for non-drinking purposes could also be impacted by contaminants in the 
groundwater. 

Cqmpliance with ARABs 
None of the ARARs presented in Tables 3-2 through 3-4 are directly applicable to the no 
action alternative. SDWA MCLs and non-zero MCLGs could be considered relevant 
and appropriate ARARs. Contaminants identified in individual· groundwater samples 
exceed corresponding SDWA MCLs and non-zero MCLGs. 

Loni-Term Effectiveness and Permanence 
The current levels of risk or contaminant concentrations would not be reduced by the no 
action alternative except ·through natural attenuation mechanisms. The no action 
alternative does not include institutional controls to reduce the potential for future 
human exposure. 

Reduction of Toxicity. Mobility or Volume ThroUJb Treatment 
The no action alternative would not reduce the toxicity, mobility or volume of 
contaminants through treatment except by natural attenuation mechanisms. 

Short-Term Effectiveness 
The presence of buried waste below the water table, and contaminants which are soluble 
in water, would provide a continuing source of groundwater impact. On-Site workers at 
the ACS Site and nearby residents would potentially be exposed to VOCs released into 
the ambient air. 

lmplementability 
The no action alternative does not pose any implementability issues. 

~ 
There are no costs associated with the no action alternative. 
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4.32 Alternative 2 • Containment With Slurry Wall: On-Site Gradient Control: Off-Site 
Groundwater Pumpin& and Treatment: Treated W.ater Dischaw to Wetlands: and 
Cap.pin& Contaminated Surface Soils 
Description 

A soil-bentonite slurry wall system would be constructed around the entire Site to 
minimize off-Site contamination migration and impede groundwater flow into the Site. 
Pumping· from within the slurry wall would be conducted to maintain inward gradients. 
A discussion of potential slurry.wall options is presented in Section 42.2. Contaminated 
surface soils would be capped with a RCRA multim~dia cap to prevent dermal contact 
and minimize rainwater infiltration. In operational areas of the ACS facility, cover could 
be provided by asphalt or concrete. Groundwater pumping and treatment would be 
performed to treat off-Site contaminant migration. Groundwater treatment process 
options which have been retained for detailed analysis include air stripping, 
UV I oxidation and biological treatment. At least some of the treated groundwater would 
be discharged or reinjected to the wetlands west of the Site. Discharging treated 
groundwater would prevent dewatering of the wetlands from groundwater pumping. It is 
possible that some discharge water would also be used to flush contaminants from waste 
areas within the slurry wall. 

Soil-bentonite slurry wall n:enches are _excavated under a slurry of bentonite and water, 
and the trench is backfilled with soil materials mixed with a slurry of bentonite and 
water. For the ACS Site, slurry walls would be keyed into the clay confining layer with 
an average depth of about 25 feet. Deed restrictions, fencing and well closures would be 
required to reduce the potential for human exposure. 

Except for the former natural drainage system which received runoff from the Off-Site 
Containment Area (i.e., sample SD05 in the Rl), elevated levels of VOCs and SVOCs 
were not detected in the remaining drainage ditch and wetlands sediment samples. Low 
levels of P AHs and phthalates were the predominant contaminants detected in the 
sediment samples. The levels, of detected phtbalates were within a range which is often 
typical of naturally occurring background conditions, while the levels of detected P AHs 
were within a range which is typical of areas proximate to vehicular traffic. Surficial 
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presence of P AHs is ofteri associated with petroleum fuel-containing surface runoff from 
vehicular traffic sources or leaching from asphalt-based surfaces, such as the roads that 
bound the Site on the east. 

Because of the adverse impacts to the wetlands that would result, the excavation of 
wetlands and drainage ditch sediments containing these levels of phthalates and P AHs 
has not been included as part of this alternative. Containment by the slurry wall and soil 
cap would minimize any potential future migration .of phthalates and P AHs to the 
wetlands and drainage ditch sediments as a result of adsorption onto surface runoff soils. 
Flushing sediments over time-with treated groundwater, or incorporation of in-situ 
biological treatment, may further reduce the phthalates and P AHs below their present 
low levels. Because of their strong affinity for adsorbing onto soils, phthalates and P AHs 
are not expected to migrate either off-Site or to the upper aquifer from wetlands and 
drainage ditch sediments. 

The sediment sample collected from the former drainage system adjacent to the Off-Site 
Containment Area was the only sample which exceeds the 10 ppm total VOC criteria 
used to delineate contaminated soils. Sediments from this area would be contained 
within the slurry wall area. None of the sediment samples exceeded the 50 ppm total 
PCBs criteria used to delineate PCB-contaminated soils. Only one sample, SB02 taken 
from the ACS Site, excee.ded 10 ppm total PCBs (22 ppm). This area would be 
contained within the slurry wall area. 

Overall Protection of Human Health and the Environment 
The clirrent levels of risk associated with the on-Site exposure scenarios presented in the 
BRA would be reduced by preventing contact with contaminated waste and soils. On
Site levels of contaminants in soil, surface water and groundwater would not be reduced 
except by natural attenuation mechanisms. This could be enhanced by flushing waste 
and soil within the slurry wall with treated groundwater. The continued migration of . . 

contaminants in the groundwater off-Site would be reduced, which. should mitigate future 
impact to downgradient wetlands, Turkey Creek ~d residential water 'wells. Since the 
source of contamination would still be present, the potential f~r lower aquifer impact 
would not be reduced. Capping the contaminated surface soils at the Site would reduce 
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the potential for erosion and transport of contaminated surface soils. It would also 
minimize the potential for the volatilization of VOCs into the ambient air, eliminate the 
generation of airborne contaminants, and prevent dermal contact and ingestion of 

• 
surface soils if used in conjunction with deed restricti~n controls. 

Compliance with ARARs · 
Most of the ARARs presented in Tables 3-2 through 3-4 are not directly applicable to 
Alternative 2. SDWA MCLs could be considered relevant and appropriate ARARs . 
Contaminants identified in individual groundwat~r samples exceed corresponding 
SDWA MCLs. Excavated soil generated during the· construction of the slurry wall may 
qualify as :RCRA hazardous wastes, and may have to be handled in accordance with 
RCRA storage and treatment ARARs if include_d in the soil volume to be treated. 40 
CFR 264 Subparts F and G, pertaining to releases from Solid Waste Management Units 
(SWMUs) and closure and post-closure of RCRA landfills, could be considered ARARs 
for untreated contaminants which. remain on-Site. 

Lon&-Term Effectiveness and Permanence 
The current levels of risk associated with the on-Site exposure scenarios presented in the 
BRA would be reduced by preventing contact with contaminated soil and waste. 
Contaminant concentrations would be reduced through natural attenuation of 
contaminants from the waste and soil with subsequent treatment of the groundwater. 
This could be enhanced by flushing contaminates within the slurry wall with treated 
groundwater. The continued migration of contaminants in the groundwater off-Site 
would be reduced, which would mitigate future impact to downgradient wetlands, Turkey 
Creek and residential water wells. Capping the contaminated soils and waste at the Site 
would reduce the potential for erosion and transport of contaminated surface soils. It 

/ 

would also minimize the potential for the volatil~tion of VOCs into the ambient air, 
eliminate the generation of airborne contaminants, and prevent dermal contact and 
ingestion of surface soils if used in conjunction with deed restriction controls. 
Institutional controls would be used to control the uSe of contaminated groundwater and 
access to the ACS Site. 
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Groundwater pumping and treatment may not be capable of achieving established 
ARARs in a 30 year time period. The groundwater pump and treat system would be 
optimized to determine the most efficient means to reinediate the aquifer. Groundwater 
remediation approaches could include in-situ biological treatment or the placement of 
injection and withdrawal wells to more aggressively pump and treat groundwater. 
Consistent with current U.S. EPA guidance, it may also consist of pumping to con~n the 
continued migration of contaminants combined with long term pumping and treatment. 
Based on data collected to date, it appears that the two primary flow paths for off-Site 
contaminant migration appear to be accumulation within the·wetlands west of the Site, 
and to the southwest into the Griffith Landfill's dewatering system. Neither of these flow 
paths represent potential groundwater exposures to human receptors. The Griffith 
Landfill dewatering system appears to be acting as a current method of containment for 
off-Site contaminant migration. The Griffith Landfill's dewatering system should only be 
considered as a temporary method of containment since its time frame for future 
operation is uncertain. Two potential flow paths for off-Site contaminant migration 
which would not be contained by the slurry wall system, wetlands or Griffith Landfill 
dewate~g system appear to be to the north across the railroad tracks (i.e., towards MW-
13) and to the southeast (i.e~, towards MW-6 and MW-17). They would be addressed by 
the groundwater pump and treat system. 

Slurry walls used for containment may be susceptible to chemical attack and 
destabilization over time. Degradation of the slurry wall is likely to occur at individual 
points as opposed to large surface areas. However, contaminants Within the groundwater 
would not migrate off-Site because pumping from the interior of the wall will be 
conducted. A small amount of pumping would maintain inward horizontal gradients. 
However, the strong downward vertical gradients would not be reversed by small scale 
pumping. Continued operations at the ACS Site would require increased maintenance 
to prevent deterioration of the RCRA, asphalt, or concrete caps which may be placed 
over portions of the Site. 
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Alternative 2 would reduce the toxicity and volume, of contaminants through treatment 
by the operation of the groundwater pump and tr~t system. In the long term, some 
reduction in the toxicity and volume of contaminaDts in the waste .and soils would be 
achieved by natural flushing and subsequent treatment of the groundwater. This could 
be enhanced by flushing waste and soil within the sl~iry wall with treated groundwater 
discharge. The mobility of contaminants would be greatly reduced by the slurry wall and 
groundwater pump and treat system. 

Short· Term Effectiveness 
Installation of the groundwater pump and treat system would almost immediately 
prevent further migration of contaminants from the Site. Therefore, the primary 
exposure route would be cut off. If the RCRA, asphalt and concrete caps are properly 
maintained, both ACS workers and nearby residents would be protected from exposure 
to VOCs which volatilize into the ambient air, as well as airborne contaminants. 
Continued chemical manufacturing operations at·the ACS Site could cause maintenance 
problems for any RCRA, asphalt, or concrete caps which are placed over the areas of 
contamination. Slurry wall construction workers would be exposed to contaminated soils 
during the excavation process. A health and safety program which requires the use of 
personal protective equipment for remediation workers should minimize short-term risks 
to workers during implementation of Alternative 2. The time frame required to 
complete the construction of Alternative 2 is estimated to be one year. Operation and 
maintenance would continue for 30 years . 

lmplementability 
Slurry wall systems are proven methods for containing contaminated groundwater. 
Vendors capable of installing slurry wall systems are readily available. The coarse 
grained sand present at the ACS Site may cause cOnStruction problems and slowdowns. 
The construction techniques used in the installation of soil-bentonite slurry wall systems 
should be capable of overcoming the potential problems associated with the soil 
conditions at the ACS Site. Issues associated with ACS's continued use of the railroad 
tracks which divide the on- and off-Site areas can be resolved so that an appropriate 
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slurry wall configuration can be selected. At the present time, ACSs continuing chemical 
manufacturing operations will require future use of the railroad tracks. 

~-capital, annual operation and maintenance (O&M) and net present worth costs 
are presented in T~ble 4-16 and Appendix B. Design assumptions for purposes of the 
cost estimates are presented in Figure 3-2 and the itemized cost estimated for 
Alternative 2 presented in Appendix B. 

4.3.3 Alternative 3~ - Dewaterin& of On-site Areas: Excavation and On-site Incineration 
of Buried Waste: Groundwater Pumping and Treatment: and Treated Water Dischar&e 
to Wetlands 
Alternative 3B- Same as_Alternative 3A Except Waste Would be Treated with Low 
Temperature Thermal Trejtment 
Description 
The Site would be dewatered using an extraction sys.tem described in Section 4.2.3 so 
that areas defined as buried waste and PCB-contaminated soils can be excavated for on-. . 

Site thermal treatment Initially, the groundwater pumping and treatment system would 
operate at 200 gpm to lower the water level at the Site to elevation 725. Once the 
groundwater level is lowered, the pumping rate would be reduced to about 80 gpm to 
maintain the lowered ~evel. Excavation would thert begin in one of the waste areas until 
groundwater is encountered. A well· point system would then be used around the 
excavation area to further lower the water table to the top of clay in the immediate 
vicinity of the excavation. Excavation would then continue to the top of clay. For 
Alternative 3A, the excavated waste would be treated with an on-Site incinerator. Waste 
would be treated with a low temperature thermal treatment unit for Alternative 3B. 
Treated waste would be placed back into the excavation. After the waste from each area 
is removed, treated and backfilled, the well point system would be removed. Excavation 
of waste would then begin in a new area of the Site until all waste is removed and 
treated. · 
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Groundwater pumping and treatment would be conducted in off-Site areas. At least 
some of the treated groundwater would be discharged to the wetlands west of the Site. 
Discharging treated groundwater would prevent dewatering of the wetlands from 
groundwater pumping. It is anticipated that the goundwater pump and treat system 
would operate for 30 years. 

Treatment of contaminated soils would be accomplished by flushing of contaminan~ to 
the water table by means of both rainfall infiltration and reinjection of treated 
groundwater. Contaminants flushed from the soils would then be treated in the 
groundwater pump and treat system. An infiltration"basin would have be constructed in 
each of the source areas in order to use treated groundwater to flush contaminants from 
the unsaturated zone. Following removal of the buried waste_ and their treatment on
Site, the groundwater pump and treat system would be optimized to determine the most 
efficient means to remediate the aquifer. Groundwater remediation approaches could 
include in~situ biological treatment or the placement of injection and withdrawal wells to 
more aggressively pump and treat the groundwater. Consistent with current U.S. EPA 
guidance, it may consist of pumping enough to prevent the further migration of 
contaminants with long term pumping and treatment. Deed restrictions, fencing and 
well closures would be required to reduce the potential for human exposure. 

' Groundwater treatment process options which have been retained for detailed analysis 
include air stripping, biological treatment and UV /~idation. A comparison of 
groundwater and surface water treatment process optionsiS presented in Section 4.2.7. 

For the purposes of generating a cost estimate for this alternative, buried waste volumes 
for each source area were determined incorporating both visual observations of buried 
drum and free waste presence during site investigation activities, as well as a delineation 
of areas at each sample depth interval with total VOCs in excess of 1% based on data 
generated during the RI. A cut-off point of 1%- VOCs was selected for buried waste 
determination since this .level is expected to represent the presence of "free 
waste/liquids" and offered a discernible level for the differentiation of the RI data. The 
maximum volume determined using either approach was used to calculate the. buried 
waste volume for this alternative. Based on these determinations, approximately 65-,000 
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cubic yards (approximately 96,000 tons) would require on-Site thermal treatment. A 
delineation of areas defined as buried waste is depicted in Figure 4-1. Using 50 ppm 
total PCBs as the criteria for delineation, approximately 1,000 cubic yards of PCB
contaminated soils would be excavated for thermal treatment. A uniform depth of 
buried waste and PCB presence using surface areas depicted in Figure 4-1 was not 
assumed in the calculation of voiume. The depth requiring excavation for each cross
sectional area was assumed to' be the maximum depth meeting one of the buried waste 
or PCB-contaminated soils criteria outlined above based on sampling intervals used 
during the RI. Cross-sectional drawings delineating defined areas of buried waste and 
PCB-contaminated soils at depth will have to be prepared during the final design. 

' \ 

Low temperature thermal treatment and incineration have been retained as potential 
thermal treatment technologies. ACS's intention to continue its chemical manufacturing 
operations would have to be considered in locating an on-Site thermal treatment unit. 
The mobile thermal treatment unit and soil staging area would have to be located 
adjacent to the off-Site Containment Area depicted in Figure 4-7 to avoid interfering 

I 

with ACS' operations. A comparison of these process options has been made in Section 
4.2.7. Figures 4-8 and 4-9 present schematic process flow diagrams and preliminary 
design information for these process options. Off-gases from the low temperature 
thermal treatment unit would likely be treated using a thermal or catalytic incinerator. 

On-Site thermal treatment would be performed using either a mobile low temperature 
thermal treatment unit or mobile rotary kiln incinerator. Excavated materials from the 
areas located on the ACS portion of the Site would have to be transported to the off-Site 
staging area. Tank farms located on top of the Still Bottoms and Treatment Lagoo~ 

Areas would either have to be dismantled or relocated before excavation could begin in 
those areas. 

None of the sediment samples collected exceeded the 1% total VOC criteria used to 
delineate buried waste. Except for the former natural drainage system which received 
runoff from the Off-Site Containment Area (i.e., sample SDOS in the RI), elevated levels 
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of VOCs and SVOCs were not detected in the remaining drainage ditch and wetlands 
sediment samples. Low levels of PAHs and p_~thalates were the predominant 
contaminants detected in the sediment samples. Th~ levels of detected· pbthalates were 
within a range which is often typical of naturally occurring background conditions, while 
the levels of ·detected P AHs were within a range whlch is typical of areas proximate to 
vehicular traffic. Surficial presence of P AHs is often associated with petroleum fuel
containing surface runoff from vehicular traffic sources or leaching from asphalt-based 
surfaces, such as the roads that bound the Site to the ~t. 

Because of the adverse impacts to the wetlands that would result, the excavation of 
wetlands and drainage ditch sediments containing these. levels of phthalates and P AHs 
has not been included as part of this alternative. Source removal resulting from the 
excavation and thermal treatment of buried waste of soils and soil covering would reduce 
the future migration of phthalates and P AHs to the wetlands and drainage ditch 
sediments as a result of adsorption onto surface runoff soils. Flushing sediments over 
time with treated groundwater, or incorporation of in-situ biological treatment, may 
further reduce the phthalates and P AHs below their present low levels. Because of their 
strong affinity for adsorbing onto soils, p.bthalates and P AHs are not expected to migrate 
either off-Site or to the upper aquifer from wetlands and drainage ditch sediments . 

None of the sediment samples exceeded the 50 ppm total PCBs criteria rised to delineate 
FeB-contaminated soils. Only one sample, SB02 taken from th~ ACS Site, exceeded 10 
ppm total PCBs (22 ppm). This area could either have a soil cover: placed over it to 
prevent dermal contact, or excavated for thermal treatment along with other PCB
contaminated soil areas. 

The largest mobile incinerator and low temperature thermal units currently available are 
capable of processing 30 to 50 tons of soil per hour. A typical mobile thermal treatment 
unit processes 10 tons of soil per hour. Pretreatment in the form of mixing and screening 

\ 

of the buried. waste would be necessary to provide a more homogeneous feedstock. 
Assuming a one year time frame to complete dewatering activities, and 24 hours per day 
operation of the thermal treatment unit, the estimated time frame to complete source 
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treatment activities for Alternative 3 is 3 years. Treated waste would be backfilled into 

the excavationS; however, some soil volume would have to be made up with clean fill 
materials. Fixation of metals present in the incinerator ash soil residuals from low 
temperature thermal treatment may have to be performed prior to placement back onto 

the Site. 

Overall Protection of Human Health and the Enyironment 

On-Site thermal treatment of ~uried wastes would reduce the overall risk by treating the 
areas of highest contamination. However, residual levels of contaminants in S<?il would 
remain. Contaminated groundwater would be treated. The continued migration of 
contaminants in the. groundwater off-Site would be reduced, which should mitigate future 

impact to downgradient wetlands, Turkey Creek and residential water wells. The 
potential for lower aquifer impact would be reduced by a significant reduction in the 
volume of source material. Well closures, and possibly institutional controls pertaining 
to access restrictions to the Site, may be required to reduce the potential for human 
exposure to contaminated groundwater and residual contaminants which remain on-Site. 

Compliance with ARABs 
A description of potential ARARs for the ACS Site is presented in Tables 3-2 thru 3-4. 
It is anticipated that all ARARs would be met by Alternative 3. SDWA MCI..s could be 

considered relevant and appropriate chemical-specific ARARs for groundwater, while 
proposed RCRA Corrective Action regulations could be considered as chemical- and 

action-specific ARARs or TBCs for groundwater. Contaminants identified in individual 

groundwater samples exceed corresponding SWDA MCLs~ Chemical location and 

action-specific ARARs would apply to the discharge or reinjection of treated 

groundwater and surface water to either the POTW, Turkey Creek, the drainage ditch 

which recharges the surrounding wetlands or directly to the wetlands o~ other portions of 
the Site or upper aquifer. Action-specific ARARs would apply to the operation of the 

on-Site thermal treatment unit. 40 CFR 264 Subparts F and G, pertaining to releases 

from SWMUs and closure and post-closure of RCRA landfills, could be considered 

ARARs for untreated contaminants which remain on-Site. 
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The operation of the on-Site thermal treatmen,~ unit would have to meet RCRA 
hazardous waste and TSCA PCB storage and treatment regulations. Generated 
incinerator ash and groundwater treatment system residuals (e.g. ion exchange 
backflushing) storage and off-Site disposal would have to comply with RCRA hazardous 
waste generator regulations. A treatability variance from the RCRA LDRs may have 
to be obtained to redeposit thermally treated soils on;.Site. It is expected that the LDRs 
can be met since incineration and immobilization are the BDA TS for most of the organic 
compounds and metals detected at, the Site. Refer to Section 3.5.1 for a discussion on 
obtaining a treatability variance for CERCIA response actions. The alternative action 
levels specified in Section 3.5.1 are also applicable to incineration and low temperature 
thermal treatment. 

Air emissions (e.g. particulates) from the thermal treatment operation would have to 
comply with IDEM air emission requirements. IDEM VOC emission requirements 
would be applicable to the operation of the low temperature thermal stripping operation, 
as well as the air stripping of grounqwater if employed. If air stripping is selected as the 
groundwater treatment option, a vapor phase carbon adsorption or thermal treatment 
unit would have to be added to the air stripping tower if VOC emission levels are 
exceeded. Current IDEM VOC emission requirements for new facilities contained in 
326 lAC 8-6-6 require best available control technology (BACI') for sources which have 
potential emissions of 25 tons per year or greater (i.e.~ approximately 6.0 pounds per 
hour for continuous operations). The emission requirements would cover total VOC 
emissions from all remedial action processes. 

Lon&-Term Effectiveness and Permanence 
The current levels of risk associated with the on-Site exposure scenarios presented in the 
BRA (e.g. on-Site resident) would be reduced with the removal of contaminated 
groundwater and excavation of buried wastes. The dewatering of the Site would reduce 
groundwater and contaminant migration from the Site. Residual levels of contaminants 
in the soil would remain. Remaining residual soil contaminants would either be 
naturally attenuated· into infiltrating groundwater and be treated with the groundwater 
pump and treat system or removed by a more aggressive groundwater pump and treat 
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system. The levels of remaining residual soil contaminants could impact the lower 
aquifer where they would be pumped and treated. Institutional controls would be used 
to control the use of contaminated groundwater and access to the ACS Site. Refer to 
Section 4.3.2 fo:r a discussion pertaining to the long-term effectiveness of groundwater 
pumping and treatment 

Reduction of Toxicitt. Mobilitt or Volume Throup Treatment 
A discusSion of reduction of toxicity, mobility or volume through treatment is presented 
in Section 4.2.8 for on-Site low temperature thermal treatment and incineration. 

Short-Term Effectiveness 
Completion of Site dewatering would be completed in approximately one year. Both 
horizontal and vertical migration of contaminants in the groundwater from the Site 
would be mitigated upon completion of this task. The estimated time frame to complete 
source treatment activities for Alternative 3 is 3 years. It is assumed for purposes of the 
cost estimates that groundwater treatment would continue for a 30 year period. A more 
aggressive pump and treat approach would likely reduce· the time frame to reach the 
maximum achievable level of aquifer contaminant removal. 

I 

Nearby residents, ACS workers and remediation contractor-workers could be exposed to 
airborne particulates or volatilized VOCs during excavation and mater~al handling 
activities. Ambient air monitoring may be required to evaluate potential VOC 
exposures. Small quantities of contaminated materials could be spilled over the surface 
of the Site during transfer to the soil staging area located adjacent to the Off-Site 
Containment Area. ACS workers and remediation contractor workers would be exposed 
to contaminated soil during excavati.on and material handling activities. A health and 
safety program which requires the use of personal protection equipment for on-Site 
workers should minimize short-term risk during implementation of Alternative 3. 

lmplementability 
A discussion of implementability is presented in Section 4.2.8 for on-Site thermal 
treatment and incineration. A RCRA Part B treatment permit would not be required for 
operation of the thermal treatment unit since this is a CERCIA Site. IDEM air 

I w 

J 
! 

J 
' 

J 

j 

j 

~J 

I 
-.1 

J 

I 
I 

.,J 



..... 

I \_.I -

-

Feasibility Study 
American Otemical Servica NPL Site 

June 22, 1992 
Pap4-57 

emission ARARs would have to be met in order to construct and operate the thermal 
treatment unit. Appropriate approvals and/or permits would have to be obtained in 
order to discharge treated groundwater. Tank fanris_located on top of the Still Bottoms 
and Treatment Lagoon Areas would either have to be dismantled or relocated before 
excavation could begin in those areas. Utility lines and product and water lines are also 
located in the area of the tank farms. These lines would either have to be moved or 
replaced. The continuation of ACS's chemical manufacturing operations could interfere 
with excavation and material handling activities. AD access road and entrance road to 
the Site, both adjacent to the On-Site Containment Areas, may be blocke~ by excavation 
activities. Temporary access roads may have to be constructed. A full time shift of 
workers would have to be present on-Site. to operate the thermal treatment system on a 
24-hour basis. H infiltration basins are used in each of the sour~e areas to use reinjected 
groundwater to flush contaminants from the unsaturated zone, they W<>uld have to be 
constructed over very large surface areas. Because of the significant surface areas to be 
covered,· the construction of infiltration basins over each of the source areas may not 
prove either feasible or practical. 

.Qm - Capital, annual O&M and net present worth costs are presented in Table 4-15 and 
Appendix B. Design assumptions for purposes of the cost estimates are presented in 
Figures 4-12, 4-13 and 4-14 and the itemized cost estimates for Alternatives 3A and 3B 
presented in Appendix B. 

4.3.4 Alternative 4 -In-Situ Steam Strtlpini of Buried Waste. Soils and Groundwater: 
Groundwater Pumpin& and .Treatment: and Treated Water Discbame to Wetlands 
Description 
PCB-contaminated surficial soils (i .. e., depths of 0 to 3 feet) exceeding 50 ppm total PCBs 
would be immobilized in-situ· by natural attenuation processes or fixation techniques or 
excavated for Off-Site landfilling. In-situ steam stripping would be used to 
si~ultaneously treat buried wastes, soil and on-Site groundwater in place. 
Approximately 135,0.00 cubic yards (200,000 tons) of buried waste and soils would 
require in-situ steam stripping treatment (refer to Sections 4.1.2 and 4.3.6 for basis of 
buried waste and soil volume calculations). Deed r~stqctions, fencing and well closures 
would be required to reduce the potential for human exposure. Delineations of areas 



Feasibility Stlldy 
American Chemical Semc:es NPL Site 

June 22, 1992 
Pap4-S8 

would be required to reduce the potential for human exposure. Delineations of area$ 
requiring in-situ steam stripping treatment are depicted in Figures 4-1 and 4-2. 

Groundwater pumping and treatment would be performed· t<! contain off-Site 
contaminant migration. The groundwater pump and treat system would be optimized to 
determine the most efficient means to rernediate the aquifer. Groundwater remediation 
approaches could include in-situ biological treatment or the placement of injection and 
withdrawal wells ~o more aggressively pump and treat grounmyater. Consistent with 
current U.S. EPA guidance, it may also consist of pumping to contain the continued 
migration of contaminants combined with long term pumping and treatment. At least 
some of the treated groundwater would be discharged to the wetlands west of the Site. 
Discharge of treated groundwater would prevent dewatering of the ,wetlands. 
Groundwater treatment process options which have been retained for detailed analysis 

. included air stripping, UV /oxidation and biological treatment. 

Figure 4-13 presents a schematic process flow diagram and preliminary design 
information for in-situ steam stripping. Stearn stripping involves the use of steam and 
hot air to strip VOCs from contaminated soil and/or groundwater. Present in-situ steam 
stripping processes involve the injection of steam through specially designed hollow stem 
augers which are moved vertically through the unsaturated and saturated zones. The 
auger injection unit is mobile, and is capable of treating approximately 3.3 square yards 
of surface area at a time. Each of the areas to be treated would be sectioned into 
individual grids. Steam at 4()()0F and compressed air at 2750F are piped through the 
augers to nozzles located on the cutter blades. The air is filtered and recycled to the soil 
by a compressor. Steam is condensed and processed through a batch distillation system 
prior to being treated for soluble organics removal and recycled through a cooling tower. 
Organic vapors are condensed, collected following a water separation process, and 
shipped off-Site for disposal via incineration or a secondary fuel blending program. 
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Treatment times for each block of soil vary depending on the soil type and contaminant 
concentrations. The average treatment times per block for the SITE Program 
demonstration of in-situ steam stripping was 24 hours (de Percin, June 1990) for a 
treatment depth of 5 feet. Assuming a 36 hour treatment time for soil and groundwater 
to a depth of 20 feet (including set up time for each block), a treatment surface ilJ'ea of 
35,000 square feet, continuous operation for 250 days per year and simultaneous 
operati<?n of four to eight auger injection units, the· estimated time frame io complete 
source treatment activities for Alternative 4 is 10 to 20 years. The treatment time frame 
could be proportionately reduced with·the inclusion of additional mobile auger injection 
units operating simultaneously at different locations of the Site. It is anticipated that the 
groundwater pump and treat program would continue for 30 years. 

Except for the former natural drainage system which received runoff from the Off-Site 
. Containment Area (i.e., sample SD05 in the Rl), elevated levels of _VOCs and SVOCs 
were not detected in the remaining drainage ditch and wetlands sediment samples. Low 
levels of P AHs and phthalates were the predominant contaminants detected in the 
sediment samples. The levels. of detected phthalates were within a range which is often 
typical of naturally occurring background conditions, while the levels of detected P AHs 
were within a range wliich is typical of areas proximate to vehicular traffic. Surficial 
presence of P AHs is often associated with petroleum fuel-containing surface runoff from 
vehicular traffic sources or leaching from asphalt-based s~aces, such as the roads that 
bound the Site to the east. · 

_j 

Because of the adverse impacts to the wetlands that would result, the excavation of 
wetlands and drainage ditch sediments containing these levels of phthalates and P AHs 
has not been included as part of this alternative. Source removar resulting from the in
situ steam stripping treatment of buried waste and soils and soil covering would 

. ' 

minimize the future migration of phthalates and PAHs to the wetlands and drainage 
ditch sediments as a result of adsorption onto suiface runoff soils. Flushing sediments 
over time with treated groundwater, or incorporation of in-situ biological treatment, may 
further reduce the phthalates and P AHs below their present low levels. Because of their 
strong ~nity for adsorbing onto soils,- phthalates and P ~s are not expected to migrate 
eith_er off-Site' or to the upper aquifer from wetlands and drainage ditch sediments. 
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The sediment sample collected from the former drainage system adjacent to the Off-Site 
Containment Area was the only sample which exceeds the 10 ppm total VOC criteria 
used to delineate contaminated soils. Sediments from this area would either be 
excavated for off-Site disposal or treated by i~-situ steam ~tripping. None of the 
sediment samples exceeded the 50 ppm total PCBs criteria used to delineate PCB
contaminated soils. Only one sample, SB02.taken from the ACS Site, exceeded 10 ppm 
total PCBs (22 ppm). This area could either have a soil cover placed over it to prevent 
dermal contact, or excavated for off-Site landfilling or treated in-situ along with other 
PCB-contaminated soil areas. 

Overall Protection of Human Health and the Environment 
In-situ steam stripping would significantly reduce the VOCs and some of the SVOCs 
present in the soils. If biological degradation of the remaining SVOCs occurs in 
conjunction with steam stripping treatment, additional reductions could occur. Because 
of its limited history in treating VOCs and SVOCs at concentrations similar to those 
detected at the ACS Site, it is not known if steam stripping is capable of achieving 
adequate removal efficiency for all of the organic compounds of concern. Deed 
restrictions, fencing and the placement of a soil cover may have to be instituted to 
prevent exposure to remaining residual soil contaminants. 

At the completion of the remedial action activities, contaminated soil and groundwater 
would be treated, and the continuing source of groundwater contamination significantly 
reduced. ·This could mitigate future impact to downgradient wetlands, Turkey Creek, 
residential water wells, as well as the lower aquifer. Well closures, and possibly 
institutional controls pertaining to access restrictions and ~pping of the Site, would be 
required to reduce the potential for human exposure to contaminated groundwater and 
residual contaminants which remain on-Site. 

Compliance With ABARs 
Refer to Section 4.3.3 for a discussion of Site~ in general, as well as ARARs 
applicable to VOC air emissions. It is anticipated that an ARARs would be met by 
Alternative 4. Based on high VOC contaminant levels present in the buried wastes and 
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soil, VOC emissions would exceed the 6 pound/hr limit established by the IDEM. 
Vapor phase treatment (most lik~ly condenSa.tionl.would be required if in-situ steam 
stripping is employed. Condensed organics storage and off-Site disposal would have to 
comply with RCRA hazardous waste generation regulations. 40 CFR 264 Subparts F 
and G, pertaining to releases from SWMUs and closure and post-closure of RCRA 
landfills, could be considered ARARs for untreated contaminants which remain on-Site. 

Lon1-Term Effectiveness and Permanence . 
Based on risk levels presented in the BRA for various on-Site exposure scenarios (e.g. 
on-Site resident), a significant reduction of the identified chemicals of concern would 
have to be achieved. It is not known if in-situ steam stripping would adequately remove 
the SVOCs identified at the Site. SVOCs not amenable to in-situ steam stripping 
treatment that may remain as residual soil contamination tend to be insoluble in. water 

. and have high soil adsorption coefficients. These compounds would not be expected to 
be mobile in groundwater systems (identified groundwater contaminants at the ACS Site 
are presently limited to VOCs and SVOCs with high water solubilities such as benzene, 
acetone, methyl ethyl ketone and bis(2-chloroethyl) ether). Because of its limited history 
in treating VOCs at concentratio~ similar to· those detected at the ACS Site, it is not 
known if steam stripping is capable of achieving such a removal efficiency for all of the 
organic compounds of concem In-situ fixation of metals and PCBs may also have to be 
performed on soils. 

At the completion of remedial action activities, contaminated groundwater would be 
- treated. The continuing source of groundwater contamination would be significantly 

reduced. This could mitigate future impact to downgradient wetlands, Turkey Creek, 
residential water well~, as well as the lower aquifer. Remaining residual soil 
contaminants would either be naturally attenuated by infiltrating groundwater and 
treated with the pump and treat system or removed by a more aggressive pump and treat 
system (refer to "Description" subsection). 



feasibility Study 
American Chemical Servic:a NPL Site 

June 22, 1992 
Pagc4-62 

Institutional controls would be used to control the use of contaminated groundwater and 
access to the Site. Refer to Section 4.3.2 for a discussion pertaining to the long term 
effectiveness of groundwater pumping and treatment. During the treatment process, the 
possibility exists that contaminated groundwater from untreated areas could migrate into 
the saturated zones of areas which have already been treated. This would increase the 
levels of residual contamination following the completion of treatment activities. A 
significant concern with steam stripping is the potential that the augers will penetrate the 
clay confining layer under the Site. If that were to occur, very high levels of 
contamination would be introduced into the lower aquifer. In addition, the steam 
stripping operation will mix highly contaminated waste with less contaminated 
surrounding soils. If for any reason the steam stripping system does not work, a much 
larger volume of contaminated soil would need to be addressed. 

Reduction of Toxicity. Mobility or Volume ThrouilJ Treatment 
In-situ steam stripping of buried waste, soils and groundwater transfers organic 
compounds to the air phase. If thermal treatment is used or condensed organics shipped 
off-Site to a secondary fuel blending program, the destruction of organic compounds 
would result in an overall toxicity and volume reduction of contaminants in the buried 
waste, soils and groundwater. ·Compounds with boiling points less than lSOOC are 
generally amenable to steam stripping. Based on this criteria and the boiling paints for 
the target compounds presented in Table 3-1, BETX compounds, chlorinated methanes, 
chlorinated ethanes, chlorinated ethenes and volatile ketones would be amenable to 
steam stripping. Chlorinated benzenes, carcinogenic PNAs, naphthalene and its 
derivatives, PCBs, phthalates, phenols, ethers, organic acids, isophorone and inorganic 
metals may not be amenable to steam stripping. According to U.S. EPA (Septen,tber 
1988), all of the chemical groups of concern except PCBs and inorganic metals are 
potentially amenable to steam stripping. 

limited data presently exists to evaluate removal efficiencies for in-situ steam stripping. 
The only case study available to date is the U.S. EPA SITE progr~m demonstration 
performed by Toxic Treatment (USA) Inc. at a Superfund Site located in San Pedro, 
California (de Percin, June 1990). The contaminant matrix and soil conditions at that 
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Site are ·analogous to those present at the ACS Site. Trichlorotbene, tetrachloroethene 
and cblorobenzene were the primary contaminants of concern. Average total VOC 
concentrations present in soils prior to treatment were approximately 500 ppm, 
significantly lower than contaminant concentrations present at the ACS Site. Based on 
tests run on twelve separate soil blocks, an average total VOC removal efficiency of 85% 
was achieved. Substantial removal efficiency variations occurred between soil blocks. 
Downward migration· of contaminants to below the treatment zone 'appeared to be 
insignificant. SVOCs were reduced by an average of 55%, but their final disposition 
could not be determined. 

Of the chemical groups that may not be amenable to in-situ steam stripping, phenols 
were not identified as a target compound group for soils in any of the areas based on the 
BRA. Phenols, or$anic acids and isophorone were not identified as target compounds in 
the upper aquifer. Phthalates, carcinogenic PNAs, PCBs and inorganic metals have high 
soil adsorption coefficients and were not identified as a target compound group in the 
upper aquifer. If left untreated, phthalates, carcinogenic PNAs, PCBs and inorganic 
metals would be expected to be immobilized in the soil matrix and not pose a potential 
migration threat to either the upper aquifer or ambient air. 

Ethers and naphthalene and its ,derivatives are the only chemical groups that may not be 
amenable to in-situ steam stripping identified as target compound groups in both the soil 

, matrix and upper aquifer. Both of these target compound groups, as well as other 
SVOCs and residual VOCs, can be biologically degraded under aero~ic conditions (refer 
to Section 4.2.7.2). If required, in-situ ftxation of soils would reduce the mobility of 
metals, SVOCs and/or PCBs. Figure 4-14 presents a schematic process flow diagram 
and preliminary design information for in-situ fixation. Refer to Section 3.6.2.5 for a 
discussion of in-situ fixation. The fixation of metals is a proven technology;- but the 
effectiveness of immobilizing PCBs and SVOCs by fixation technologies bas yet to be 
adequately demonstrated. SVOCs, PCBs, and metals would, therefore, be immobilized 
by either natural attenuation processes or ftxation techniques. 

.:;., 
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Short-Term Effectiveness 
Sampling performed during the SITE program demonstration showed fugitive organic 
emissions to be very low during processing. On-Site workers or neighboring residents 
would not be exposed to airborne contaminants or contaminated soil during remedial 
action activities. The estimated time frame to complete source treatment activities for 
Alternative 4 is 10 to 20 years. It is assumed for purposes of the cost estimates that 
groundwater treatment would continue for a 30 year period. A more aggressive pump · 
and treat approach would likely reduce the time frame to reach the maximum achievable 
level of aquifer contaminant removal. 

Implementability 
In-situ steam stripping has yet to be demonstrated on full scale soil and waste cleanups. 
To date, its application at CERCIA Sites has been limited to a single pilot study as part . 
of the SITE demonstration program. A pilot study would be required to determine the 
feasibility of treating the contaminant matrix present in. the buried waste, soils and 
groundwater of the ACS Site. There is one known vendor ~t the present time for this 
technology. 

The primary attribute of in-situ steam stripping is its potential ability to concurrently 
treat buried waste, soils and groundwater at the ACS Site without the need to dewater 
the Site or excavate arid treat the buried waste separately. However~ the possibility exists 
that contaminated groundwater from untreated areas could migrate into the saturated 
zones of areas which have already been treated. The zone of influence for in-situ steam 
stripping is not suffident to treat contamination underneath the tank farms located over 
the Still Bottoms{freatment Lagoon Area. Therefore, the tank farms would have to be 
dismantled or relocated if ACS continues its chemical manufacturing operations. Utility 
lines and product and water lin~s are also located in the area of the tank farms. These 
lines would either have to be moved or replaced. Results of the SITE program 
demonstration found that physical properties of the soil were' not affected by the 
treatment. Since dewatering is not involved, and the technology is primarily self
contained, there would be minimal requirements to abandon welts or dismantle process 
equipment and piping following completion of the remedial action remedy. 
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Because of the extensive surface area' requiring in-situ treatment, a single auger injection 
unit would not be capable of remedia.ti.hg the Site in. an acceptable time frame. Multiple 
units would have to be operated simultaneously at different locations of the Site. 
Workers would have to be on-Site a minimum of one 8-hour shift per day to move and 
operate the mobile auger injection units. In order to support multiple auger units, a 
centralized steam supply system would likely have to be constructed. Soil and 
groundwater sampling would have to be performed at the completion of in-situ steam 
stripping to verify its.effectiveness. 

Two significant concerns with steam stripping are the potential for penetrating the clay 
confining layer and the large volume of soil that would have to be treated if the system 
does not work. 

Treatability and pilot studies would be required if in-situ fixation is required for sqils and 
sediments following in-situ steam stripping treatment. -"-· 

~ - Capital, annual O&M apd net present worth costs are presented in Table 4-16 and 
Appendix B. Design assumptions for purposes of the cost estimate are presented in 
Figure 4-18 and itemized cost estimate for Alternative 4 pr~ented in Appendix B. 

4.3.5 Alternative 5 - Off-Site Incineration of Buried =6-ums: Off-Site Disposal of 
Miscellaneous Debris: In-Situ vapor Extraction of Buried Waste and Soils: 

Groundwater Pumpin& and Treatment: and Treated Water Discb;qe to Wetlands 
Description 
The Site would be dewatered using an extraction system described in Section 4.2.3 so 
that intact buried drums and miscellaneous debris can be excavated. Intact buried drums 
in the On-site Containment Area and miscellaneous debris would be excavated prior to 
installation of the vapor extraction treatment system. Intact drums would be inCinerated 
off-Site and miscellaneous debris would be Ian.dfilled off-Site. PCB-contaminated 
surficial soils (i.e., depths of 0 to 3 feet) exce'eding 50 ppm total PCBs would be 
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immobilized in-situ by natural attenuation processes or fixation techniques or excavated 
for off-Site landfilling. Initially, a groundwater pumping and treatment system would 
operate at 200 gpm to lower the water level at the Site to. elevation 725. Once the 
groundwater level is lowered across the Site, the pumping ·rate would be reduced to 
about 80 gpm to maintain the lowered level. Additional wells would be installed around 
the waste areas to lower the water level to the top of the clay confining layer. 

An in-situ vapor extraction system would be installed in order to treat both soils .and 
buried waste. Partial installation of a vapor extraction system could begin following the 
completion of Site dewatering in areas which are not impacted by buried drum 
excavation activities. Refer to Sections 4.1.2 and 4.3.6 for a discussion of the criteria 
used to delineate areas and depths of soils and buried waste 'requiring treatment. 
Approximately 135,000 cubic yards (200,000 tons) of soils and buried. waste would 
require vapor extraction treatment. A delineation of areas requiring vapor extraction 
treatment is presented in Figures 4-1 and 4-2. A uniform depth of buried waste, PCB 
and VOC presence using surface areas depicted in Figures 4-1 and 4-2 was not assumed 
in the calculation of total volume requiring treatment. The depth requiring treatment 
for each cross-sectional area was assumed to be the maximum depth meeting either the 
buried waste or VOC- or PeR-contaminated soils criteria based on sampling intervals 
used during the RI. Cross-sectional drawings delineating defined areas of buried waste 
and VOC- and PCB-contaminated soils at depth will have to be prepared during the final 
design. 

Because of the large waste and soil volumes requiring treatment, and the significant 
distances between each of the areas, it has been assumed for cost estimating purposes 
that four separate vapor extraction systems would be installed. Separate systems would 
be located in the On-Site Containment Area, the Still Bottoms/Treatment Lagoon 
Areas, the Off-Site Containment Area and the Kapica-Pazmey Area. Figure 4-15 
presents a layout of the proposed extraction system, while Figure 4-16 presents a 

· schematic process flow diagram and preliminary design information for a vapor 
extraction system. 
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Design parameters presented in the case study for the Verona Well Field Superfund Site 
(Verona Site) located in Battle Creek, Mi~higan (U.,S. EPA, July 1989) serve as the basis 
for the treatment time frame estimate and extra~on well spacings for the ACS Site. 
The soil conditions and VOC contaminant matrix at the Verona Site were similar to the 
ACS Site. Maximum individual VOC soil concentfa:tions at the Verona Site ranged up 
to 1800 ppm (U.S. EPA, July 1989). Approximately 28,000 pounds of VOCs were 
extracted in 55 days of operation (i.e., an average of approximately 500 pounds/day). 
Actual design parameters for a vapor extraction system would be determined following 
the completion of a pilot study. 

A grid system of extraction wells, spaced at '75-foot intervalSt would be installed in the 
four areas described above. A 75-foot well spacing would allow each of the wells to 
serve as either extraction or passive inlet wells in order to provide for maximum 
operational flexibility. Well placement and screening depths are dependent on the iones 
of contamination to be treated and localized soil conditions. The extraction well system 
would be manifolded to a building or shelte! housing the _vacuum pump and vapor 
treatment system. Each pump would operate at a vacuum of approximately 5-inches of 
mercury. ·Depending on the actual level of vapor emissions and potential 
implementability issues, the vapor treatment system would either consist of separate 
carbon adsorption units, separate portable thermal or cat-alytic treatment units or a 
larger, centralized thermal or catalytic treatment unit. Since the vapor extraction system 
would be operated under winter· conditions, insulati~n and heat tracing would have to be 
provided for ·portions of the air manifold system installed above the freeze line. 

Except for the former natural drainage system which.received runoff from the Off-Site 
Containment Area (i.e., sample SD05 in the Rl), elevated-levels of VOCs and SVOCs 
were not detected in the remaining drainage ditch and wetlands sediment samples. Low 
levels of P AHs and phthalates were the predominant contaminants detected in the 
sediment samples. The levels of detected· phthalates were within a range which is often 
typical of naturally occurring background conditions, while the levels of detected P AHs 
were within a range which is typical of areas proximate to vehicular traffic. Surficial 
presence of P AHs is often associated with petroleum fuel-containing surface runoff from 
vehicular traffic sources or leaching. from asphalt-~ased surfa~s, such as the roads that 
bound the Site to the east. 
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Because of the adverse impacts to the wetlands that would result, the excavation of 
wetlands and drainage ditch sediments containing these levels of phthalates and P AHs 
has not been includ~d as part of this alternative. Source removal resulting from vapor 
extraction treatment of buried waste and soils and soil covering would minimize the 
future migration of phthalates and P AHs to the wetlands and drainage ditch sediments 
as a result of adsorption onto surface runoff soils. Flushing sediments over time with 
treated groundwater, or incorporation of in-situ biological treatment, may further reduce 
the phthalates and P AHs below their present low levels. Because of their strong affinity 

for adsorbing onto soils, phthalates and P AHs are not expected to migrate either off-Site 
or to the upper aquifer from wetlands and drainage ditch sediments. 

The sediment sample collected from the former drainage system adjacent to the Off-Site 
Contaimnent Area was the only sample which exceeds the 10 ppm-total VOC criteria 
used to delineate contaminated soils. Sediments from this area would either be 
excavated for off-Site disposal or treated by vapor extraction since the area will be 
dewatered. None of the sediment samples exceeded the 50 ppm total PCBs criteria used 
to delineate PCB-contaminated soils. Only one sample, SB02 taken from the ACS Site, 
exceeded 10 ppm total PCBs (22 ppm). This area could either have a soil cover placed 
over it to prevent dermal contact, or excavated for off-Site landfilling or treated in-situ 
along with other PCB-contaminated soil areas. 

A cover could be placed over unpaved surfaces in the areas to be treated in order to 
prevent the short-circuiting of air from the surface, which reduces the radius of influence 
of individual extraction wells. A cover would also reduce rainwater infiltration which 
could adversely impact vapor extraction treatment efficiencies. Either a plastic liner or 
soil cover could serve this purpose. 

The treatment time frame estimate is based on an assumed average VOC soil 
concentration in the Off-Site Containment Area of 24,000 ppm (2.4% ), and an average 
VOC removal rate between 500 pounds per day and 3500 pounds per. day (extrapolated 
based on the ratio of total VOC concentrations in the Off-Site Containment Area versus 
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the Verona Well Field Superfund Site) for the Off-Site Containment Area only. The 
Off-Site Containment Area was used as the basis for the treatment time frame 
calculations since the bigbest average total VOC concentrations were found in this area. 
Based on these VOC removal rates, the estimated time frame to complete Alternative 5 
is 5 to 20 years. 

Groundwater pumping and treat,ment would be performed to contain off-Site 
contaminant migration. After dewatering is achieved, buried drums would be excavated 
and taken· off-Site for incineration. The groundwat~r pump and treat system would then 
be optimized 1o determine the most efficient means to remediate the aquifer. 
Groundwater remediation approaches could include in-situ biological treatment or the 
placement of injection and withdrawal wells to more aggressively pump and treat the 
groundwater. Consiste.nt with current U.S. EPA guidance, it may consist of pumping 
enough to prevent the further migration of contaminants with long term pumping and 
treating. At least some of the treated groundwater would be discharged to the wetlands 
west of the Site. Discharging treated groundwater would prevent dewatering of the 
wetlands from groundwater pumping. It is anticipated that the groundwater pump and 
treat system would operate for 30 years. 

Overall Protection of Human Health and the Environment 
The primary exposure patbway from the site is the migration of contaminants in 
groundwater. The installation of a groundwater extraction system eliminates this 
pathway. Treatment of extracted groundwater has the effect of reducing the volume of 
source material over time. 

Vapor extraction is a proven technology for the treatment of VOC-contaminated soils. It 
is most effective in homqgeneous, permeable soil conditions, such as those at the ACS 

. Site. Dewatering of the site prior to the installation of the vapor extraction system 
should reduce the water content of the Site soils to ~e optimum treatment range. Vapor 
extraction is less effective in the treatment of some SVOC compounds and metals. 
H.owever, these compounds are relatively immobile in the environment and pose little 
potential for migration. 
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Vapor extraction is expected to be effective in lowering the concentrations of· 
contaminants in waste materials. A major advantage of this system is that extraction is 

conducted in-situ under controlled conditions so that the short term risks associated with 
excavating highly contaminated materials are eliminated. Vapor extraction treatment 

may not adequately remove SVOCs from soils to the level necessary to eliminate the 
potential risk to future Site users. 

A pilot scale test would be conducted to demonstrate its overall effectiveness because it 
has not been proven in materials with contaminant concentrations as high as those at the 
ACS Site. However, even if final removal efficiencies cannot be achieved, it is 

anticipated that very large reductions in contaminant levels would be accomplished. 
Therefore, the volume of waste which may require additional treatment in the future 
would be significantly reduced. Because VOCs, which have ,the greatest potential for 
airborne migration if excavated, would be greatly reduced, the risks of future excavation, 
if required, would be minimized. 

Compliance With ARARs 

Refer to Section 4.3.3 for a discussion of Site ARARs in general, as well as ARARs 
applicable to the discharge of treated groundwater and VOC air emissions. It is 
anticipated that all ARARs would be met by Alternative 5. Groundwater treatment 
system residuals (e.g., ion exchange backflushing) storage and off-Site disposal would 
have to comply with RCRA hazardous waste generator regulations. Based on a weighted 

average approach using the previously mentioned VOC removal rates for the Off-Site 

Containment Area and the average VOC concentrations throughout the remainder of 

the Site (i.e., On-Site Containment, Treatment Lagoon and Kopica-Pazney Areas), VOC 

emissions would range from 80 pounds/hr to 400 pounds/hr, which would exceed the 25 

tons per year limit established by the IDEM. Vapor phase treatment is likely to be 

required if vapor extraction is employed. 40 CFR 264 Subparts F and G, pertaining to 

releases from SWMUs and closure and post-closure of RCRA landfiJls, could be 
considered ARARs for untreated contaminants which remain on-Site. 
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Based on the risk levels presented in the BRA for ~ous on-Site exposure scenarios, a 
significant redUction of the identified chemicals of concern would have to be achieved. It 
is not known if vapor extraction would adequately r_emove the SVQCs identified at the 
Site. SVOCs not amenable to vapor extraction treatment that may remain as residual 
soil contamination tend to be insoluble in water and have high soil adsorption 
coefficients. These compounds would not be. expected to be mobile in groundwater 
systems (identified groundwater contaminants at the ACS Site are presently limited to 
VOCs and SVOCs with high waler solubilities such as benzene, acetone, methyl ethyl 
ketone and bis (2-chlorOcthyl) ether). At the completion of 'remedial action activities, 
contaminated soil and. groundwater would be treated. Institutional controls would be 
used to prevent the use of contaminated groundwater and access to the Site. 

The continuing source of groundwater contamination would be significantly reduced. 
~ Refer to Section 4.3.2 for a discussion pertaining to the long-term effectiveness of 

groundwater pumping and treating .. Rentaining residual contaminants would either be 
L naturally attenu,ated into infiltrating groundwater and treated with the pump and treat 

system or removed by a more aggressive groundwater pump and treat system (refer to 
"Description" subsection) . 

..... 

i \.____,; -
Some areas of buried waste may not be treatable by vapor extraction if adequate soil 

. I 

porosity is not available to allow for continuous air contact. However, the volume of 
waste that may require additional treatment would be significantly reduced by the 
operation of the vapor extraction system. In addition, the reduction of VOCs in the 
waste would significantly reduce potential risks should additional treatment be required 
in the future. 

Rejluction of Toxicity. Mobility or Volume Jbroup Treatment 
Vapor extraction of soil and waste transfers organic compounds to the air phase. If 
vapor phase treatment is used, the destruction of organics as a result of thermal 
treatment or spent carbon regeneration would result in an overall toxicity and volume 
reduction of contaminants in the soil. · Based on Henry's Law constants (refer to Section 

3.6.1.6), the BETX compounds, chlorinated methaites, chlorinated ethanes, chlorinated 
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ethenes, chlorinated benzenes and naphthalene .and its derivatives are amenable to 
vapor extraction. The volatile ketones are potentially amenable to vapor extraction. 
PNAs, phthalates, ethers, phenols, isophorone, organic acids and inorganic metals would 
not be expected to be amenable to vapor extraction. However, these compounds are less 
mobile in the environment then VOCs. Because of its soi .. adsorption characteristics, 
PCBs would also not be expected to be amenable to vapor extraction; however, they 
have a low mobility in soil. 

J 
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A pilot scale study would be conducted to evaluate the overall removal efficiencies of the 
vapor extraction system. Most applications of vapor extraction, to date, involve the 
remediation of chlorinated solvents, BEXT compounds and iight end petroleum 
products. Based on case studies presented in Hutzler et al. (June, 1989) and U.S. EPA 
(July, 1989), the following soil treatment levels were reported: 

"-' I ...; 

Tetrachloroethane was remediated to less than 1 ppm; 

' 
Trichloroethene was remediated to less than 5 ppb; 

Carbon tetrachloride was remediated to below analytical detection limits; 

99.2% hydrocarbon reduction was achieved for a jet fuel spill; and 

Benzene levels of less than 1 ppb were achieved for one gasoline spill cleanup, 
while total hydrocarbons were reduced to below analytical detection limits for a 0 
second gasoline cleanup. 

Based on the case study data presented above, 99% + removal efficiencies appear to be 
obtainable for VOCs amenable to vapor extraction. None of the sites presented in the 
case studies, however, had a contaminant matrix analogous to the ACS Site. Most of the 
sites had total VOC concentrations less than 1,000 ppm. One site reported maximum 
VOC concentrations of 5,600 ppm, while one of the sites involving remediation of fuel 
contamination reported total hydrocarbon levels of 6,200 ppm. VOC removal rates are 
the highest during initial startup and decrease with time as mass transfer of contaminants 
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into the vapor phase becomes rate limiting. Final.removal efficiencies are also a 
function of the time frame the vapor extraction syst~pt is allowed to operate. 

Of the chemical groups not expected to be amenable to vapor extraction, phenols were 
not identified as a target .compound group for soils in any of the areas based on the BRA. 
Phenols, organic acids and isophorone were not identified as target compounds in the 
upper aquifer. PhthalateS, carcinogenic PNAs, PCBs and inorganic metals are relatively_ 
immobile because they have high soil adsorption coefficients. They. were not identified 
as a target compound group in the upper aquifer. If left untreated, pbthalates, 
carcinogenic· PNAs, PCBs and inorganic metals would not be expected to migrate to 
either the upper aquifer or ambient air. 

Ethers ~re the only chemical group not amenable to vapor ·extraction treatment which 
has been identified as a target compound group in both the soil matrix and upper 
aquifer. Ethers, as well as other SVOCs and residual VOCs, can be biologically 
degraded under aerobic conditions {refer to Section 4.2.7.2). Hinchee et al. and 
Downee et. al. report enhanced biodegradation in the soil matrbtas a result of aeration 
introduced during vapor extraction treatment. Both studies involved the remediation of 
jet fuel spills at Air Force bases. Levels of carbon dioxide measured during vapor 
extraction ":ere consistently an order-of-magnitude higher than in the atmosphere, 
suggesting that significant biological activity was occurring in the subsurface soils. 
Therefore, biodegradation of SVOCs and residual VOCs could occur as a result of soil 
vapor extraction. 

If required in the future based on monitoring of the performance of the system, in-situ 
fixation of soils would reduce the mobility of metals. Figure 4-14 presents a schematic 
process flow diagram and preliminary design information for in-situ fixation. Refer to 
Section 3.6.2.5 for a discussion of in-situ fixation tbit shows tbat the fixation of ~tals is 
a proven technology. SVOCs and PCBs are immobilized in soils by natural attenuation 
processes. 
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The installation of the groundwater extraction and treatment system would eliminate the 

migration of contaminants from the Site. As discussed above, VOC removal rates with a 
vapor extraction system are highest during' startup so that a rapid reduction in 

contaminants in waste and soils would be achieved. The estimated time frame to 

complete source treatment activities for Alternative S is S to 2~ years. It is assumed for 
purposes of the cost estimates that groundwater treatment would continue for a 30 year 
period. A more aggressive pump and treat approach would likely reduce the time 
frame to reach the maximum achievable level of aquifer contaminant removal. 

A significant ~dvantage to vapor extraction of both buried waste and soils is that 

excavation of waste and soils are not required. Because of the high levels of VOC in 
both the buried waste and soils, there is the potential for significant volatilization and 
airborne migration of VOC during excavation activities. This would be exacerbated 

during .hot weather conditions in the summer. These potential problems would not occur 
with vapor extraction because VOCs are removed in situ and treated under controlled 
conditions. 

Implementability 

Vapor extraction is a proven technology for the treatment of VOC-contaminated soils, 
and was the selected remedy specified in approximately 17 CERCLA RODs issued 
during 1989. Systems are already operational on .at least two Superfund sites. The soil 

conditions at the ACS Site would appear to be conducive to vapor extraction. 

Based on the levels of contaminants detected in soil samples collected beneath the depth 

of the water table (and the presence of buried drums), a separate "free waste" phase (i.e., 
free liquids that are not dissolved in, or.floating on top of, groundwater) is expected to 

exist in the buried waste and other source areas. Sufficient air permeability may not exist 

through these "free waste" zones to allow sufficient air contact necessary to effectively 

extract VOCs contained in the buried waste and other source areas. A separate pilot 
study would be required for the buried waste areas. Soil moisture content and depth ·tO 

groundwater are also a potential hindrance to vapor extraction. SC?il sampling for 

moisture content, as well as a pilot study, would be required to determine the 

effectiveness of vapor extraction following Site dewatering. 
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Pilot testing would be conducted to define the design parameters for vapor extraction 
systems. The pilot study would be designed to evaruate the following: ' 

the optimum vacuum and flow rate necessary to size the vacuum pump or blower 
system in order to maximize contaminant removal while minimizing the energy 
requirements (i.e., horsepower requirementS for the vacuum' pump or blower); 

the radius of influence of each individual recovery well; 

contaminant removal rates in order to estimate the remediation time frame and 
design air treatment systems that may be required by IDEM permit conditions 
for VOC emissions; 

the effects of using passive injection wells on air flow patterns and contaminant 
removal rates; 

the effects of covering the surface on the radius of influence of individual wells, 
soil moisture levels and contaminant removal rates; and 

, 
the effects. of varying individual recovery well flow rates, including complete 
shutdown, on the contaminant r.emoval rates and energy requirements of the 
system. 

Because of the size of the areas requiring treatment, the complicated contaminant matrix 
of concern and non-homogeneous soil conditions and contaminant distributions across 
the entire Site, extensive labor requirements are typically required to optimize the 
startup and operation of the vapor extraction system. Periodic monitoring and 
adjustments are required to the operation of the system. Workers would not have to be 
on-Site full time, however. It is expected that at least two additional phases of soil 
sampling would be required to monitor the progress, and verify the comp~etion, of vapor 
extraction treatment. Tank farms located over the Still/Bottoms Treatment Lagoon 
Area would not likely have to be relocated or dismantled. 
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Capital, annual O&M and net present worth costs are presented in Table 4-16 and 
Appendix B. Design assumptions for purposes of the cost estimates are presented in 
Figures 4-12, 4-13, 4-20, and 4-21 and the itemized cost estimates for Alternative 5 

presented in Appendix A 

4.3.6 Alternativcr6A- On-Site Incineration of Buried Drums: Off-Site Disposal of 
Miscellaneous Debris: On-Site Incineration of Waste: In-Situ Vapor Extraction of Soils: 
Groundwater Pumpin& and Treatment: and Treated Water Dischaqe to WetlandS 
Alternative 6B - Same as Alternative 6A Except Waste Would be Treated with L.ow 

. Temperature Thermal TrC(atment and Buried Drums Would be Treated Off-Site by 
Incineration 

D 
.. escnpuon 

The Site would be dewatered using an extraction system described in Section 4.2.3 so 
that areas defined as buried waste can be excavated for on..Site thermal treatment (refer 
to Section· 4.3.3). Initially, the groundwater pumping and treatment system would 
operate at 200 gpm to lower the water level of the Site to elevation 725. Intact buried 
drums would first be excavated for either on- or off-Site incineration. Miscellaneous 
debris would be taken off-Site for landfilling. Areas designated as buried waste and 
PCB-contaminated soils would be excavated for on-Site thermal treatment. Refer to 
Section 4.3.3 for discussions pertaining to the thermal treatment of buried waste. It is 
assumed for Alternative 6 that only solid or liquid waste materials would be excavated 
for on-Site thermal treatment. Soils surrounding the waste or intermixed with the waste 
would be left in place and treated with the vapor extraction system. 

For the purposes of generating a cost estimate for this alternative, buried waste. volumes 
for each source area were determined incorporating both visual observations of buried 
drum and free waste presence during site investigation activities, as well as a delineation 
of areas at each sample depth interval with total VOCs, in excess of 1% based on data 
generated during the RI (Refer to "Description" subsection of 4.3.3' for discussion of 
rationale.) Based on these determinations, approximately 35,000 cubic yards to 65,000 
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cubic yards (approximately 52,000 tons to 98,000 tons) would require on-Site thermal 
treatment. An approximate delineation of areas defined as buried waste is depicted in . . 
Figure 4-1. Using 50 ppm total PCBs as the criteria f~r delineation, approximately 1,000 
cubic yards of PCB-contaminated soils would be excavated for thermal treatment. A 
uniform depth of buried waste presence using surface areas depicted in Fi~re· 4-1 was 
not assumed in the calculation of volume.' The depth requiring excavation for each ' 
cross-sectional area was assumed to be the maximum depth meeting one of the buried 
waste or PCB-contaminated soils criteria outlined, above based on sampling intervals 

. · used during the RI. Cross-sectional drawings delineating defined areas of buried waste . ' •·.. . 
and PCB-contaminated soils at depth will have to be prepared during the final design. 

Deed restrictions, fencing and well closures would be required to reduce the potential 
for human exposure. Long-term monitoring of off-Site contamination migration would 
also be instituted. Refer to Section 4.3.3 for discussions pertaining to thermal treatment 
of buried waste. 

Groundwater pumping and treatment would be performed to contain off-Site 
contaminant migration. After dewatering is achieved, buried waste would be removed 
and treated on-Site. Buried drums would be removed and treated on-Site with the 
buried waste (Alternative 6A) or treated off-Site by incineration (Alternative 6B). The 
groundwater pump and treat system would then be optimized to determine the most 
efficient means to remediate the aquifer. Groundwater remediation approaches could 
include in-situ biological treatment or the placement of injection and withdrawal wells to 
more aggressively pump and treat the groundwater. Consistent with current U.S. EPA 
guidance, it may consist of pumping enough to prevent the further migration of 
'contaminants with long term pumping and treating. Groundwater treatment process 
options which have been retained for detailed analysis include air stripping, biological 
treatment and UV /oxidation. A comparison of groundwater and surface water 
treatment process options is presented in Section 4.2.7. At least some of the treated 
groundwater would be discharged to the wetlands west of the Site or reinjected. Treated 
groundwater would be discharged to the wetlands if requited to prevent dewatering of 
the wetlands from groundwater pwnping. It is anticipated that the groundwater pump 

and treat system would operate for 30 years. 
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An in-situ vapor extraction system would be installed following completion of thermal 
treatment activities. Partial installation of a vapor extraction system could begin 
following the completion of Site dewatering in areas which are not impacted by buried 
waste excavation activities. A delineation of areas requiring vapor extraction treatment 
is depicted in Figure 4-2. Approximately 100,000 cubic yards (150,000 tons) of soil would 
require on-Site vapor extraction treatment (refer to Section 4.1.2 for basis of soil volume 
calculation). Refer to Section 4.3.5 for a more detailed discussion of the vapor 
extraction system. 

Because of the large waste and soil volumes requiring treatment, and the significant 
distances between each of the areas, it has been assumed for cost estimating purposes 
that four separate vapor extraction systems would be installed. Separate systems would 
be located in the On-Site Containment Area, the Still Bottoms/Treatment Lagoon 
Areas, the Off-Site Co~tainment Area and the Kapica-Pazmey Area. Figure 4-15 
presents a layout of the proposed extraction system, while Figure 4-16 presents a 
schematic process flow diagram and preliminary design information for a vapor 
extraction system. 

It may be possible to reduce the aerial extent of the vapor extraction system (and 
number of vapor extraction systems) by consolidating contaminated soils into one area. 
The materials handling plan would consist of: 

excavating waste from the off-Site buried waste areas shown in Figure 4-1, 
thermally treating it and stockpiling the treated material; 

excavating waste from the on-Site buried waste areas shown in Figure 4-1, 
thermally treating it and stockpiling the treated material; . 

excavating contaminated soil from the on-Site areas shown in Figure 4-2 and 
placing the soil in the buried waste excavation in the off-Site area; and 

backfilling the on-Site waste and contaminated soil excavations with the 
stockpiled treated material. 
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The effect of the above is that all contaminated materials from the on-Site areas-would 
be removed or tre~ted so that the on-Site areas will be "clean". All of the contaminated 
soil would be consolidated in the off-Site areas so that vapor extraction-would only need 
to be conducted off-Site. Contaminated soils from the on-Site and off-Site areas would 

be treated as a single area of contamination off-Site.: , 
, 

Design parameters presented in the case study for the Verona Well Field Superfund Site 
(Verona Site) located in Battle Creek, Michigan (U.S. EPA, July 1989) serve as the basis 
for the treatment time frame estimate and tXtraction well spacings for the ACS Site. 
The soil conditions and VOC contaminant matrix at the Verona Site were similar to the 
ACS Site. Maximum indi~dual VOC sail concentrations at the Verona Site ranged up 
to 1800 ppm (U.S. EPA, July 1989). Approximately 28,000 pounds of VOCs were 

extracted in 55 days of operation (i.e., an average of approximately 500 pounds/day). 
Actual design parameters for a vapor extraction system would be determined following 
the completion of a pilot study. 

A grid system of extraction wells, spaced at 75-foot intervals, would be installed in the 
four areas described above. 1 A 75-foot well spacing would allow ~ch of the wells to 
serve as either extraction or passive inlet wells in order to provide. for maximum 
operational flexibility. Well placement and screening depths are dependent on the zones 
of ~ntamination to be treated and localized soil conditions. The extraction well system 
would be manifolded to a building or shelter housing the vacuum pump and vapor 
treatment system. Each pump would operate at a vacuum of approximately 5-inches of 
mercury. Depending on. the actual level of vapor emissions and potential 
implementability issues, the vapor treatment system would either consist of separate 
carbon adsorption units, separate portable thermal or catalytic treatment units or a 
larger, centralized thermal or catalytic treatment unit. Since the vapor extraction system 
would be operated under winter conditions, insulation and beat tracin~ would have to b~ 
provided for portions of the air manifold system installed above the freeze line. 
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A cover may be placed over unpaved surfaces in the areas to be treated in order to 
prevent the short-circuiting of air from the surface, which reduces the radius of influence 
of individual extraction wells. A cover would also reduce rainwater infiltration which 
could adversely impact vapor extraction treatment efficiencies. Either a plastic liner or 
soil cover could serve this purpose. 

The treatment time frame estimate is based on an assumed average VOC soil 
concentration of 5,000 ppm (0.5%) .following the removal of buried wastes, and an 
average VOC'removal rate of 500 pounds per day (pounds/day) for each area to be 
treated (i.e., average VOC removal rate reported in Verona case study). A maximum 
VOC removal rate· of 3,500 pounds/day for each treatment area was used to estimate the 
minimum treatment time frame (refer to Section 4.3.5 for explanation). Based on these 
VOC removal rates, the estimatec;J time frame to complete source treatment activities for 
Alternative 6 is 5 to 8 years. This incJudes a three year time frame to complete 
dewatering activities and thermal treatment of buried wastes, 

Except for the former natural drainage system which received runoff from the Off-Site 
Containment Area (i.e., sample SDOS in-the Rl), elevated levels of VOCs and SVOCs 
were not detected in the remaining drainage ditch and wetlands sediment samples. Low 
levels of P AHs and phthalates were the predominant contaminants detected in the 
sediment samples. Other contaminants detected include 2-butanone, manganese, bis (2-
ethylhexyl) phthalate, and mercucy. The levels of detected phthalates were within a 
range which is often typical of naturally occurring background conditions, while the 
levels of detected P AHs were within a r3;nge which is typical of areas proximate to 
vehicular traffic. Surficial presence of P AHs is often associated with petroleum fuel
containing surface runoff from vehicular traffic sources or leaching from asphalt-based 
surfaces, such as the roads that bound the Site to the east. 

Because of the adverse impacts to the wetlands that would result, the excavation of 
wetlands and drainage ditch sediments containing these levels of phthalates and P AHs 
has not been included as part of this alternative. Source removal resulting from the 
excavation and thermal treatment of buried waste and vapor extraction treatment of soils 
and soil covering would minimize the future migration of phthalates and P AHs to the 
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wetlands and drainage ditch sediments as a result of adsorption onto surface runoff soils. 

Flushing sediments over time with treated gro~dwater, or incorporatio,n of in-situ 

biological treatment, may further reduce the phthalates and PAHs below tbeU: present 
low levels. Because of their strong affinity for adsorbing onto soils, phthalates and P AHs 
are not expected to migrate either off-Site or to the upper aquifer from wetlands and 

drainage ditch sediments. 

The sediment sample collected from the former drainage system adjacent to the Off-Site 

Containment Area was the only sample which exce~ed the 10 ppm total VOC criteria 
used to delineate contaminated soils. Sediments from this area would either be 
excavated for on-Site thermal treatment along with the buried waste or treated by vapor 

extraction since the area will be dewatered. None of the sediment samples exceeded the 
SO ppm total PCBs criteria used to delineate PCB-contaminated soils. Only one ~ple, 
SB02 taken from the ACS Site, exceeded 10 ppm total PCBs (22 ppm). This area could 
either have a soil cover placed over it to prevent dermal contact, or excavated for 
thermal treatment along with other PCB-contaminated ~il areas. 

Overall Protection ofHumait Health and tbe Environment 
Excavation and thermal treatment of waste would eliminate the risk of waste at the Site. 

In-situ vapor extraction would significantly reduce the VOCs and some of the SVOCs 
pre~ent in the soils. Vapor extraction treatment may not adequately remove SVOCs 
from soils, whieh. may not eliminate the dermal risk to future Site users. These 
contaminants would not be expected to migrate to groundwater. Refer to Section 4.3.5 

for a more detailed discussion of the overall protection provided by the vapor extraction 

system. Deed restrictions and fencing would ~e instituted to prevent any potential. 
exposure to remaining residual soil contaminants . 

At the completion of the remedial action activities, contaminated soil and groundwater 

would be treated, and the continuing source of gro~dwater contamination eliminated or 

drastically reduced. This would mitigate future impact to downgradient wetlands, 
Turkey Creek, residential water wells, as well as the lower aquifer. Institutional controls . " 
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pertaining to access restrictions and use of groundwater in the vicinity of the Site, would 
further reduce ·the potential for human exposure to contaminated groundwater and 
residual contaminants which remain on-Site during the treatment period. 

Compliance With ARARs 
Refer to Section 4.3.3 for a discussion orSite ARARs in general, as well as ARARs 
applicable to the discharge of' treated groundwater, thermal treatment of buried waste 
and VOC air emissions. It is anticipated that all ARARs would be met by Alternative 6. 
Groundwater treatment system residuals (e.g.· ion exchange backflushing) storage and 
off-Site disposal would have to comply with RCRA hazardous waste generator 
regulations. Based on the discussion presented in Section 4.3.5, VOC emissions would 
range from 80 pounds/hr to 400 pounds/hr, which would exceed the 25 tons/year limit 
established by the IDEM. Vapor phase treattnent is likely to be required if vapor 
extraction is employed. 40 CFR 264 Subparts F and G, pertaining to releases from · 
SWMUs and closure and post-closure of RCRA-landfills, could be considered ARARs 
for untreated contaminants which remain on-Site. 

A treatability variance from the RCRA LDRs may have to be obtained to redeposit 
thermally treated soils on-S~te. It is expected that the LDRs can be met since 
incineration and immobilization are the BOATs for most of the organic compounds and 
metals detected at the Site~ Refer to Section 3.5.1'for a discussion on obtaining a 
treatability variance for CERCLA response actions. The alternative action levels 
specified in Section 3.5.1 are also applicable to incineration and low temperature 
thermal treatment. 

Loqa-Term Effectiveness and Permanence 
Based on the risk levels presented in the BRA for various on-Site exposure scenarios, a 
significant reduction of the identified chemicals of concern would have to be achieved. It 
is not known if vapor extraction would adequately remove the SVOCs identified at the 
Site. SVOCs not ·amenable to vapor extraction treatment that may remain as residual 
soil contamination tend to be insoluble in water and have high soil adsorption 
coefficients. These compounds would not be expected to be mobile in groundwater 
systems (identified· groundwater contaminants at the ACS Site are presently limited to 
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VOCs and SVOCs with high water solubilities such as benzene, acetone, methyl ethyl 
ketone and bis (2-chloroethyl) ether). At the completion of remedial action activities, . ' 

contaminated soil and groundwater would be treated. Institutional controls would be 
used to prevent the use of contaminated groundwater and access to the Site. 

The continuing source of groundwater contamination would be significantly reduced . 
Refer to Section 4.3.2 for a discussion pertaining to the long-term effectiveness of 

- groundwater pumping and treating. Remaining r~dual contaminants would either be 

naturally attenuated into infiltrating groundwater and treated with the pump and treat 
_system or removed by a more aggressive groundwater pump and treat system (refer to 
''Description" subsection). 

Reduction of Ioxicitt. MobilitY or YoJume Throu&}l Treatment 
Refer to Section 4.2.8 filr discu~sions pertaining. to the thermal treatment of buried 
waste. Refer to Section 4.3.5 for a discussion of vapor extraction of contaminated soil. 

Short-Term Effectiveness 
Completion o( Site dewatering and thermal treatmeut of buried waste would be 
completed in approximately three years. · Both horizontal and vertical migration of 
contaminants in the groundwater from the Site would be mitigated qpon completion of 
these tasks. The dewatering of the Site would serve to reduce groundwater migration 
from the Site during the course of remedial action activities. The estimated time frame . . 
to complete source treatment activities for AlternatiVe 6 is 5 to 8 years. It is assumed for 
purposes of the cost estimates that groundwater treatment would continue for a 30 year 
period. A more aggressive pump and treat approach· would likely reduce the time frame 
to reach the maximum achievable l~vel of aquifer contaminant removal. Short-term 
effectiveness discussions in Section 4.3.3 pertaining to wetlands dewatering are also 
applicable to Alternative 6. Remediation contractor workers would be exposed to 
contaminated soil during install3;tion of the vapor extraction system. A health and safety 
program which requires the use of personal protection equipment for remediation 
contractor workers should minimize short-term risk during implementation of 

Alternative 6. 



Feasibility Study 
American Chemical Services NPL Site 

June 22, 1992 
Pagc4-84 

Nearby residents, ACS workers and remediation contractor workers could be exposed to 
. I 

airborne particulates or volatilized VOCs during excavation and material handling 
activities. Ambient air monitoring may be required to evaluate potential VOC 
exposures. Small quantities of contaminated materials could be spilled over the surface 
of the Site during transfer to the soil staging area located adjacent to the Off-Site 
Containment Area ACS workers and remediation ~ntractor workers would be exposed 
to contaminated soil during excavation and material handling activities. A health and 
safety program which requires the use of personal protection equipment for on-Site 
workers should minimize short-term risk during implementation of Alternative 6. 

Implement":bility 
Implementability issues associated with the thermal treatment of buried wastes are 
presented in Section 4.3.3. Implementability issues associat~d with vapor extraction of 
contaminated soils are presented in Section 45.3. 

Appropriate approvals and/or permits would have to be obtained in order to discharge 
treated groundwater. Treatability and pilot studies woul~ be required if in-situ fixation is 
required f~r·soils and sediments following vapor extraction treatment. 

There is likely to be strong public opposition to on-Site incineration of waste. It is 
possible that implementation of the plan could be delayed significantly while public 
concerns are allayed and approvals to construct the system are obtained. 

~ - Capital, annual O&M and net present worth costs are presented in Table 4-16 and 
Appendix B. Design assumptions for purposes of the cost estimates are presented in 
Figures 4-12,4-13, 4-2.0 and 4-21 and the itemized cost estimates for Alternatives 6A and 
6B presented in Appendix B. 
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4.3.7 Alternative 7A - Incineration of Buried Prums: Off-Site Di&posal of MisCGUaneous 
Debm: On-Site Incineration of Buried Waste au4 Soils: Groundwater Pnmpin& and 
Treatment: and Treated Water Dischar.&e to Wetlands 

Alternative 7B - Same as Alternative 7A Excej)t that Waste and Soils Would be Treated 
with Low Iemperiuure Thermal Treatment 
Description ' . 
The Site would be dewatered using an extraction· system described in Section 42.3 so 
that designated areas of buried waste and.PCB- and VOC-contaminated soils can be 
excavated for on-Site thermal treatment. Initially, the groundwater pumping and 
treatment system would operate at 200 gpm to lower the water level at the Site to 
elevation 725. Intact buried drums would first be excavated for either on- or off-Site 
incineration. Miscellaneous debris would be taken for off-Site landfilling. Delineations 

I 

of areas requiring excavation for on-Site thermal treatment are depicted in Figures 4-1 
and 4-2. Approximately 135,000 cubic yards (200,000 tons) of buried waste and soils 
would require on-Site thermal treatment (refer to Sections 4.1.2 and 4.3.6 for basis of 
buried waste an~ soil volume calculations). Well closures would be required to reduce 
the potential for human exposure to contaminated groundwater. Long-term monitoring 
of off-Site contamination ,migration would also be instituted. 

·Groundwater pumping and treatment would be conducted in off-Site areas. Following 
removal of the buried waste and their treatment on-Site, the groundwater pump and 
treat system would be optimized to determine the most efficient means to remediate the 
aquifer. Groundwater remediation approaches could include in-sifu biological treatment 
or the placement of injection and withdrawal wells to more aggressively pump and treat 
the groundwater. Consistent with current U.S. EP~ guidance, it may consist of pumping 
enough to prevent the further migration of contaminants with long term pumping and 
treatmept. At least some of the treated groundwater would be discharged to the 
wetland~ west of the Site. Discharging treated groundwater would prevent dewatering of 
the wetlands from groundwater pumping. It is anticipated that the groundwater pump 
and treat system would operate for 30 years. 
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Low temperature thermt:tl treatment and incineration have been retained as potential 
thermal treatment technologies. A comparison of these process options has been made 
in Section 4.2.7. Figures 4-8 and 4-9 present schematic process flow diagrams and 
preliminary design information for these process options. Off-gases from the low 
temperature thermal treatment unit would be treated using a thermal or catalytic 
incinerator. Groundwater pumping and treatment would be performed to contain off
Site contaminant migration. Groundwater treatment process options which have been 
retained for detailed analysis include air stripping, biological treatment and 
UV /oxidation. A comparison of groundwater and surface water treatment process 
options is presented in Section 4.2.7. 

On-Site thermal treatment would be performed using either a mobile low temperature 
thermal treatment unit or mobile rotary kiln incinerator. ACS's intention to continue its 
chemical manufacturing operations may dictate, or interfere with, the location of an on
Site thermal treatment unit. The mobile thermal treatment unit and soil staging area 
would have to be located adjacent to the Off-Site Containment Area depicted on Figure 
4-7. Excavated materials from the active portions of the Site would have to be 
transported to the staging area. Tank farms located on top of the Still 
Bottoms/Treatment Lagoon Area would either have to be dismantled or relocated 
before excavation could begin in those areas. 

The largest mobile incinerator and low temperature thef!Dal treatment units currently 
available are capable of processing 30 to 50 tons of soil per hour. A typical mobile 
thermal treatment unit processes 10 tons of soil per hour. Pretreatment in the form of 
mixing and screening of the buried wastes and soil would be necessary to provide a more 
homogeneous feedstock. Assuming a one year time frame to comp~ete dewatering 
activities, and continuous operation of the thermal treatment unit for 250 days per year, 
the estimated time frame to complete source treatment activities for Alternative 7 is 2 to 
6 years. Treated soil would be deposited back into the excavations. Because thermal 
treatment will destroy the organics in the waste and soil~ some volume would have to be 
made up with clean fill materials. Ftxation of metals present in some of the incinerator 
ash may have to be performed prior to backfilling. 
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Except for the former natural drainage system whic~ received runoff from the Off-Site 
Containment Area (i.e., sample SDOS in the RI), el~vated levels of VOCs and SVOCs 
were not detected in the remaining drainage ditch and wetlands sediment samples. Low 
levels of P AHs and phthalat~s were the predoininjlllt contaminants detected in the 
sediment samples. The levels of defected pbthala~ were within a range which is often 
typical of naturally occurring background conditions, while the levels of detected P AHs 
were within a range 'Yhich is typical of areas pro~te to vehicular traffic. Surficial 
presence of P AHs is often associated with petroleum fuel-containing surface runoff from 
vehicular traffic sources or leaching from asphalt-based surfaces, such as the roads that 
bound the Site to the east. 

Because of the adverse impacts to the wetlands that would result, the excavation of 
wetlands and drainage ditch sediments containing these levels of phthalates and P AHs 
has not been included as part of this alternative. Source removal resulting from the 
excavation and thermal treatment of buried waste and soils and soil covering would 
minimize the future migration of phthalates and PAHs to the wetlands and drainage 
ditcb sediments as a. result of adsorption onto surface runoff soils. Flushing sediments 
over time with treated groundwater, or incorporation of in,-situ biologicid treatment, may 
further reduce the p:htbalates and P AHs below their present low levels. Because of their 

strong affinity for adsorbing onto soils, phthal~tes and P AHs are not expected to migrate 
either off-Site or to· the upper aquifer from wetlands and drainage ditch sediments. 

The ·sediment sample collected from the former drainage system adjacent to the Off-Site 
Containment Area was the only sample which ex~eds the 10 ppm total VOC criteria 

used to delineate contaminated soils. Sediments from this area would be excavated for 
on-Site thermal treatment since the area will be dewatered. None of the sediment 
samples exceeded the 50 ppm. total PCBs criteria used to delineate PCB-contaminated 
soils. Only one sample, SB02 taken from the ACS Site, exceeded 10 ppm total PCBs (22 
ppm). This area could either have a soil cover pia~ over .it to prevent dermal contact, 
or excavated for thermal treatJ;Dent along with other PCB-contaminated soil areas. 
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Overall Protection of Human Health and the Environment 
On-Site incineration of buried wastes and contaminated soils is capable of achieving 
appropriate cleanup levels. Based on available pilot study data, low temperature 
thermal treatment is also capable of achieving appropriate removal efficiencies for all of 
the organic compounds of concern. Deed restrictio~ and fencing will be instituted to 
prevent potential exposure to remaining residual soil contaminants redeposited back 
onto the Site. 

At the completion of remedial action activities, contaminated groundwater and soils 
would be treated, and the continuing source of groundwater contamination significantly 
reduced. This should mitigate future impact to downgradient wetlands, Turkey Creek, 
residential water wells, as well as the lower aquifer. Institutional controls pertaining to 
access restrictions to the Site will be instituted to reduce the potential for human 
exposure to contaminated groundwater and residual contaminants which remain on-Site 
during the treatment process. 

Compliance with ARMs 
Refer to Section 4.3.3. It is anticipated that all ARARs would be met by Alternative 7. 
If all residual contaminants are thermally treated to establish health-based cleanup 
obj~ctives, 40 CFR 264 Subparts F and G, pertaining to releases from SWMUs and 
closure and post-closure of RCRA landfills, would qot qualify as ARARs. A treatability 
variance from·the RCRA LDRs may have to be obtained to redeposit treated soils on
Site. It is expected thiu the LDRs can be met since incineration and immobilization are 

- J 

the BDATs for most of the organic compounds and metals detected at the Site. Refer to 
Section 3.5.1 for a discussion on obtaining a treatability variance for CERCLA response 
actions. The alternative action levels specified in Section 3.5.1 are also applicable to 
incineration and low temperature thermal treatment. 

Lon&-Term Effectiveness and Permanence 
Based on risk le'{els presented in the BRA for various on-Site exposure scenarios (e.g. 
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on-Site resident), significant removal of the identified chemicals of concern would have -
to be achieved. On-Site incineration is capable of achieving appropriate risk reduction 
without .the requir~ment of deed restrictions, fencing or capping. Based on available .., 
pilot study data, it appears that low temperature thermal treatment is also capable of 
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achieving appropriate remo\*'al efficiencies for all of the organic compounds of· concern. 
If low temperatur~ thermal treatment is used, de~ restrictions and fencing will be 
instituted, if neceSsary, to prevent exposure to any remaining residual soil contaminants 
redeposited back onto the Site. Above-ground fixation of metals may also have to be 
performed on soils that are redeposited back onto._the Site following low temperature 
thermal treatment in order to achieve acceptable risk levels. 

At tb~ completion of remedi&l action activities, contaminated groundwater would be 
treated. The continuing source .of groundwater c.ontamination would be significantlr 
reduced if incineration or low temperature thermal treatment is used. Institutional 
controls would be used to control the use of contaminated groundwater and access to the 
ACS Site. Refer to Section 4.3.2 for a discussion pertaining to the long-term 
effectiveness of groundwater pumping and treatment. 

Reduction of ToxicitY. Mobility or Yolume Throq&h Treatment 
A discussion of reduction of toxicity, mobility or volume through treatment is presented 
in Section 4.2.8 for on-Site low temperature thermal treatment and incineration. If 
required, above-ground fixation of soils following low temperature thermal treatment 
would reduce the mobility of metals prior to their being redeposited back onto the Site. 
The fixation of metals is a proven technology. Inorganic metals have high soil 
adsorption coefficients and were not identified as target compound groups in the upper 

aquifer. If left untreated, inerganic metals would be expected to be immobilized in the 
soil matrix based on their· high affinity for adsorption to soils, and not pose a potential 
threat to either the upper aquifer or ambient air. Metals would, therefore, be 
immobilized in soils by either natural attenuation processes or fixation techniques. 

Short-Term Effectiveness 
Short-term effectiveness discussions in Section 4.3.3 pertaining to material handling 
activities and wetlands dewa~ering are also applicable to Alternative 7. The completion 
of Site dewatering would be completed in approximately one year. Both horizontal and 
vertical migration of contaminants in the groundwater from the Site would be mitigated 
upon completion of this task. The potential for c::ontamination migration to the lower 
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aquifer would be mitigated as a result of ongoing Site dewatering activities. The 
dewatering of the Site would serve to reduce groundwater migration from the Site during 
the course of remedial action activities. The estimated time frame to complete source 
treatment activities for Alternative 7 is 2 to, 6 years. It is assumed for purposes of the 
cost estimate that groundwater treatment would continue for a 30 year period. A more 
aggressive pump and treat approach would likely reduce the time frame to reach the 
maximum achievable level of aquifer contaminant removal. 

Nearby residents, ACS workers and remediation contractor workers could be exposed to 
airborne particulates or volatilized VOCs during excavation and material handling 
activities. Ambient air monitoring may be required to evaluate potential VOC 
exposures. Small quantities of contaminated materials could be spilled over the surface 
of t~e Site during transfer to the soil staging area located adjacent to the Off-Site 
Containment Area. ACS workers and remediation contractor workers would be exposed 
to contaminated soil during excavation and material handling activities. A health and 
safety program which requires the use of personal protection equipment for on-Site 
workers should minimize short-term risk during implementation of Alternative 7. 

Implementability 
Refer to Section 4.3.3. Tteatability and pilot studies would be required if above-ground 
fixation is required for soils following thermal treatment. 

There is likely to be strong public opposition to on-Site incineration of buried waste and 

soils. It is possible that implementation of the plan could be delayed significantly while 
public concerns are allayed and approvals to construct the system are obtained. 

/ 

..cmt - Capital, annual O&M and net present worth costs are presented in Table 4-16 and 

Appendix B. Design assumptions for the purposes of the cost estimates are presented in 
Figures 4-12, 4-13 and 4-14 and the itemized cost estimates for Alternatives 6A and 6B 
presented in Appendix B. · 
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4.3.8 Alterhtiye M·- Off-Site Incineration of Buried Prums: Off-Siie Disposal of 

Miscellaneous Debris: J andfarmin& of Buried Waste and Soils: Groundwater Pumpin& 
and Treatment: and Treated Water DiscJJarp to Wetlands 

Alternative 8B - Same as Alternative 8A Except Waste and Soils Treated with a Sluny

Phase Bioreactor 
De .. 

scnption 

The Site would be dewatered using an extraction ~tem described in Section 4.2.3 so ,. 

that areas defined as buried waste and contaminated soils can be excavated for 
biological treatment. Initially, the groundwater pumping· and treatment system would 

operate at 200 gpm to lower the water level at the Site to elevation 725. Intact buried 

drums would first be excavated for off-Site incineration. Miscellaneous debris would be 

taken off-Site for landfilling. Delineations of areas requiring excavation for on-Site 

biological treatment are depicted ~ Figures 4-1 and 4-2. Approximately 135,000 cubic 

yards (200,000 tons) of buried waste and solls would require on-Site biological treatment 

(refer to Sections 4.1.2 and 4.3.6 for basis of buried waste and soil volume calculations). 

Deed restrictions, fencing and well closures wonld be required to reduce the potential 

for human exposure. 

Groundwater pumping ~d treatment would be conducted in off-Site areas. Following 

.removal of the buried waste and their treatment· on-Site, the lfOUndwater pump and 

treat system would be optimized to determine the most efficient means to remediate the 

aquifer. Groundwater remediation approaches could include in-situ biological treatment 

or the placement of injection and withdrawal weiJs to more aggressively pump and treat 

the groundwater. Consistent with current U.S. EPA guidance, it may consist of pumping 

enough to prevent the further migration of contaminants with long· term pumping and 

treating. At least some of the treated groundwater. would be discharged to the wetlands 

west of the Site. Discharging treated groundwater would prevent dewatering of the 

wetlands from groundwater pumping. Groundwater treatment process optiqns which 

have been retained for detailed analysis include air stripping, biological treatment and 

UV /oxidation. A comparison of groundwater and surface water treatment process 

options is presented in Section 4.2.7. 
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Land farming (Alternative SA) and slurry-phase bioreactors (Alternative SB) have been 
retained as potential solid-phase biological treatment approac~es. A comparison of 
these approaches has been made in Section 4.2.9. Figures 4-11 and 4-12 present 
schematic process flo~ diagrams and preliminary design information for these biological 
systems. 

Since it is ACS's intention to continue its chemical manufacturing operations, the 
biological treatment system would have to be located adjacent to the Off-Site 
Containment Area depicted on Figure 4-10. Excavated materials from the active 
portions of the Site would have to be transported to the staging area. Tank farms 
located on top of the Still Bottoms/Treatment Lagoon Area would either have to be 
dismantled or relocated before excavation could begin in those areas. 

Approximately SO,OOO square feet are available for the construction of land-farm 
treatment cells adjacent to the Off-Site Containment Area. If it is assumed that soil is 
placed within each treatment cell to a depth of three feet, and that sufficient biological 
treatment is achieved in six months, the estimated time frame to complete source 
treatment activities for Alternative SA is S to 15 years. This assumes a one year time 
frame to complete dewatering activities. For Alternative 8B, either multiple bioreactors 
or construction of a large treatment pond would be required to provide the capacity 
nec~ssary to achieve a 5 year time frame for slurry-phase biological treatment. The 
actual number of bioreactors required would depend on degradation rates determined 
during the treatability and pilot studies. Treated soil would be deposited back into the 
excavations. 

Except for the former natural drainage system which received runoff from the Off-Site 
Containment Area (i.e., sample SDOS in the Rl), elevated levels of VOCs and SVOCs 
were not detected in the remaining drainage ditch and wetlands sediment samples. Low 
levels of P AHs and phthalates were the predominant contaminants detected in the 
sediment samples. The levels of detected phthalates were within a range which is often 
typical of naturally occurring background conditions, while the ·levels of detected P AHs 
were within a range which is typical of areas proximate to vehicular traffic. Surficial 
presence of P AHs is often associated with petroleum fuel-containing surface runoff from 
vehicular traffic sources or leaching from asphalt-based surfaces, such as the roads that 
bound the Site to the east. · 
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Because of the adverse impacts to the wetlands that would resultt the excavation of 
wetlands abd drainage ditch sedifuents containing these levels of pbthalates and P AHs 
bas not been included as part of this alternative. Source removal resulting from the 
excavation and biological treatment of buried waste and soils and soil covering would 
minimize the future migration of pbthalates and PAHs to the wetlands and drainage 
ditch sediments as a result of adsorption onto surface runoff soils. Flushing sediments 
over time with treated groundwater, or incorporatiog of in-situ biological treatment, may 
further redw;e the pbtbalates and P AHs below their present low levels. Because of their 
strong affinity for adsorbing onto soils, pbthalates and P AHs are not expected to migrate 
either off-Site or to the upper aquifer from wetlands and drainage ditch sediments .. 

The sediment sampl~ collected from the former drainage ~tem adjacent to the Off-Site 
Containment Area was the oruy sample which exceeds the 10 ppm total VOC criteria 
used to delineate contaminated soils. Sediments from this area would be excavated for 
on-Site biological treatment since the area will be dewatered. None of the sediment 
samples exceeded the 50 ppm total PCBs criteria used to delineate PCB-contaminated 
soils. Only one sample, SB02 taken from the ACS Site, exceeded 10 ppm total PCBs (22 
ppm). This area could either have a soil cover placed over it to prevent dermal contact, 
or excavated for ~iological treatment along with other PCB-contaminated soil areas. 

Overall Protection of Human Health and the e»vironment 
There are no documented cases of biological treatment being used on Sites where either 
the wide range of contaminants or the high concentrations of contaminants approach 
those at the ACS Site. Biological treatment has been shown to be very effective in 
treating simple contaminant matrices, such as petroleum hydrocarbons. or some types of 
VOCs. It has also been shown to be effective in significantly reducing concentrations of 
some SVOCs such as creosote compounds. Because of the wide range of compounds at 
the ACS Site, it is possible that the time to conduct biological treatment ~ be-longer 
than anticipated and hence the cost will be greater .than estimated. Extensive bench and 

' 
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pilot scale treatability studies would have to be conducted to examine the feasibility of 
biological treatment. It is not known if biological treatment would achieve appropriate 
removals for all compounds. 

At the completion of remedial action activities, contaminated groundwater would be 
treated and the continuing source of groundwater contamination significantly reduced. 
This should mitigate future impact to downgradient wetlands, Turkey Creek, residential 
water wells, as well as the lower aquifer. Well closure~ and institutional controls 
pertaining to access restrictions would be instituted to reduce the potential for human 
exposure to contaminated groundwater and residual contaminants which remain on-Site. 

Compliance with ARARs 
Refer to Section 4.3.3 for a discussion of Site ARARs in general, as well as ARARs 
applicable to the discharge of treated groundwater and VOC air emissions. It is 
anticipated that all ARARs would be met by Alternative 8. The operation of the 
biological treatment system would have to meet RCRA hazardous waste and TSCA PCB 
storage and treatmet:J,t regulations. Since landfarming would .,e performed in engineered 
treatment cells within the current Area of Contamination designed to meet RCRA 
ARARs for waste piles (refer to Figure 4-11), the RCRA land-ban standards should not 
apply to the placement of soil into the treatment cells. Generated biological treatment 
sludge and groundwater treatment system residuals (e.g. ion exchange backflusbing) 
storage and off-Site disposal would have to comply with RCRA hazardous waste 
generator regulations. If VOC emissions exceed IDEM requirements, off-gas capture 
and treatment systems would have to be incorporated into the biological treatment 
process. In the case of land farming, a dome would have to be constructed over the 
treatment cells, and a vacuum placed on the entire system. Exhaust from the system 
would be directed to a vapor phase treatment system (i.e., vapor carbon adsorption or 
thermal treatment). 40 CFR 264 Subparts F and G, pertaining to releases from SWMUs 
and closure and post-closure of RCRA landfills, could be considered ARARs for 
untreated contaminants which remain on-Site. 
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A treatability variance from the RCRA LDRs would most likely have to be obtained to 

redeposit Btologically treated soils on-site. A treatabilitY variance appears warranted for 
the ACS. Site based on the complicated contaminant matrix and elevated concentrations 

that were found. Refer to Section 3.5.1 for a discussion on obtaining a treatability 
. . 

variance for CERClA response actions. 

Lona-Term Effectiyepess aDd Permanence 
Based on risk levels· presented in the BRA for various on-Site exposure scenarios (e.g. 

. on-Site resident), significant removal of the i~entifi~d chemicals of concern would have 

to be achieved. As discussed above, it is not known if biological treatment would achieve 

appropriate removals for all compounds. It is likely that volatilization of VOCs would -

occur during material handling and treatment activities, which would also contn"bute to 

the overall removal efficiency. Above-ground fixation of me~ may also have to be 
performed on soils that are redeposited back onto the Site following biological treatment 

in order to achieve acceptable risk levels. 

At the completion of remedial action activities, contaminated groundwater would be 

treated. The continuing source of groundwater contamination would be significantly 

reduced. Remaining residual soil contaminants would either be naturally attenuated 

into infiltrating groundwater and treated with the pump and treat system or removed by 

a more aggressive groundwater pump and treat system (refer to "Description" 

subsection). Refer to Section 4.3.5 or 4.3.6 for a discussion of SVOC mobility in soils. 

Institutional controls would be used to control the use of contaminated groundwater and 

access to the ACS Site. Refer to Section 4.3.2 for a discussion pertaining to the long

term effectiveness of groundwater pumping and treatment. 

Reduction of Toxicity. Mobility or Volume Throup Treatment 

A discussion of reduction of toxicity, mobility or volume through treatment is presented 

in Sections 3.4.Ll and 4.2.7.2 for biological treatment. The potential aPi>roaches to 

biologi~al treatment, as well as treatability potential, ·that were presented for 

groundwater can also be applied to soils. All of the chemical· groups of concern for the 

soils and buried waste were also included in the groundwater discussion. It is likely that 

volatilization of VOCs would occur during material handling and treatment activities, 

which would also contribute to the overall removal efficiency. 
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Figure 3-3 presents a summary of organic groups subject to biodegradation (U.S. EPA, 
198S), while Figure 3-4 presents BODS/COD ratios for various organic compounds 
(Lyman, 1982). Ratios of BODS /COD have been used as an indicator of ~tential 
aerobic degradation. Excluding the inorganic metals, chlorinated methanes, chlorinated 
ethanes and chlorinated ethenes, the remaining chemical groups of concern are 
potentially amenable to aerobic biological treatment. The BETX compounds, 
chlorinated benzenes, chlorinated methailes, chlorinated etbanes and chlorinated 
ethenes are potentially amenable to anaerobic biological treatment. Recent research 
(Nelson, 1987 as referenced in Thomas, 1989) has shown the potential for aerobic 
degradation of trichloroethene and other chlorinated compounds by an aromatic 
pathway in the presence of phenol, toluene or cresol. 

Removal efficiencies and degradation rates for individual compounds are dependent on 
the chemical matrix and concentrations, as well as the design parameters of the 
biological treatment system. The use of properly selected or engineered microbial 
populations, maintained und~r environmental conditions most conducive to their 
metabolic activity (e.g., oxygen concentration, nutrient addition, etc.), can be an 
important means of biologically degrading refractory compounds. Biological 
degradation is often enhanced through acclimation of the microbial population to the 
chemical matrix to be treated or by cometabolism mechanisms. Most of the potential 
approaches to the bi~logical treatment of groundwater discussed in Section 4.2.7.2 (e.g., 
cometabolism in the presence of methane or aromatics, sequence batch reactors, white 
rot fungus, etc.) can also be utilized in solid phase biological treatment applications. 

- . 

If required, above-ground fJXation of soils following biological treatment would reduce 
the mobility of metals prior to their being redeposited back on-Site. The fixatioiJ of 
metals is a prove~ technology. Inorganic metals have high soil adsorption coefficients 
and were not identified as a target compound group in the upper aquifer. If left 
untreared, inorganic metals would be expected to be immobilized in the soil matrix and 
not pose a potential threat to either the upper aquifer on ambient air. ·Metals would, 
therefore, be immobilized in soils by either natural attenuation processes or fiXation 
techniques. 
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The completioh: of Site dewatering would be completed in approximately one year. Both 
horizontal and vertical migration of contaminants in the groundwater from the Site 
would be mitigated upon completion of this task. ~e estimated time frame to complete 
source treatment activities for Alternative 8 is 5 to 10 years. It is assumed for purposes 
of the cost eStimates that groundwater treatment would occur for a 30 year period. A 
more aggressive pump and treat system would likely reduce the time frame to reach ~e 
maximum achievable level of aquifer contaminant removal. Short-term effectiveness 
discussions in Section 4.3.3 pertaining to material handling activities a~ wetlands 
dewatering are also applicable to Alternative 8. 

Nearby residents, ACS workers and remediation contractor workers could be exposed to 
airborne particulates or volatilized VOCs during excavation and material handling 
activities. Ambient air monitoring may be required to evaluate potential VOC 
exposures. Small quantities of contaminated materials coutdJ,e spilled over the surface 
of the Site during transfer to the soil staging area locate~ adjacent to the Off-Site 
Containment Area. ACS workers and remediation contractor. workers would be exposed 

to contaminated soil during excavation and material hand~ aCtivities. A. health and 
safety program which requires the use of personal protectjon equipment for on-Site 
workers should minimize short-term risk during ~plemen~ti~ of Alternative 8. 

Implementability 
Refer to Section 4.2.8. Treatability studies would. be required to evaluate a range of 
design conditions and treatment processes in order to optimize th~ removal efficiencies 
and degradation rates for the organic contaminant matrix present in the soil at the ACS 
Site. A pilot test would also be required if slurry-phase bioreactors are used. If 
biological treatment of groundwater is also employed, the treatability studies for both. 
soil and groundwater may be able to be combined and incorporated into a single overall · 
biological treatment approach to the contaminant matrix present at the ACS Site. 
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A RCRA Part B treatment permit would not be required for operation of the biological 
treatment system since this is a CERClA Site. Appropriate approvals and/or permits 
would have to be obtained in order to discharge treated groundwater. Tank farms 
located on top of the Still Bottoms and Treatment Lagoon Areas would either have to be 
dismantled or reloCated before excavation could begin in th"se area. Utility lines and 
product and water lines are also located in the areas of the tank farms. These lines 
would either have to be moved or replaced. The continuation of ACS's chemical 
manufacturing operations could interfere with excavation and material handling 
activities. An access road and entrance road to the Site, both adjacent to the On Site 
Containment Area, may be blocked by excavation activities. Temporary access roads 
may have to be constructed. · A full time shift of workers would have to be present on
Site to operate the slurry-phase biological treatment system on a 24-hour basis. Workers 
would only have to be on-Site on a periodic basis to monitor and control a land farm 
treatment system. 

Treatability and pilot studies would be requir~d if above-ground fiXation is required for 
soils following biological treatment. 

Qm - Capital, annual O&M and net present worth costs are presented in Table 4-16 and 
Appendix B. Design assumptions for the purposes of the cost estimates are presented in 
Figures 4-15, 4-16 and 4-17 and the itemized cost estimates for Alternatives 7 A and 7B 
presented in Appendix B. 
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SEc;tiONl.O 
IDENTIFICATION AND SCBIINJNG OF TECHNoLoGiEs 

The primary objective of· the technology screening process is to identify a manageable 
number of remedial technologies which can then be assembled into remedial action 

.._ alternatives. For th~ ACS Site, this process consists of four steps: 

' -

-

. Develop remedial action objectives; 
Develop general response actions; 
Identify and screen remedial technologies; and · 
Summarize the .technologies array. 

The fol,lowing subsections contain a discussion of each of the steps. 

2.1 RemedlaJ kdon OblectiDs . 
In this step, the remedial action objectiv~ which are tbe.goals for protecting human 
health and the environment, are developed. Considering the general long-term goals of 
protecting public health and the environment, and the,Site-specificsoals of reducing the 
release of contaminants to the air, surface water and groundwater, a number of spe.cific 
remedial action objectives were developed. As the Fe~ility Study proceedS, it may or 
may not be appropriate to consider that the ACS faciHty is an operating RCRA facility 
initiating closure. Remedial alternative developmen\ will co~ider the coordination. 
between proper closure activities and the appropriate evaluated remedial alternatives. 
These objectives are as follows: 

Groundwater 

Provide adeqW\te protection against· bu~~Jan consumption of water containing 
carcinogens in exeess of maximum containinant levels (MCLs) and a total 
cancer risk for all carcinogens of greater than to-4 to to-6, with a point of 
departure of to-6. · · ' 

Provide adequate protection against human Consumption of water containing 
non-carcinogens in excess of MCLs a~c;l a total hazard index based on 
reference· doses for all roritamihants·:or greater than 1:0~ 



Restore groundwater quality to applicable ARARs. 
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Prevent migration of contaminated groundwater to surrounding wetlands, as 
well as potential migration to neighboring wells and the waters and 
sediments of tributaries of Turkey Creek consistent with risk levels defmed in 
the ecological assessment. 

Reduce or eliminate migration of subsurface soil contaminants to the 
groundwater. · 

Provide adequate protection against human contact, consumption or 
inhalation of soils which have a total cancer risk for all carcinogens of greater 
than to-4 to to-6, with a point of departure of to-6. 

Provide adequate protection against human contact, consumption or 
inhalation of soils which have a total hazard index based on reference doses 
for all contaminants of greater than l.P. 

Reduce potential for erosion and transport of contaminated surface and 
subsurface soils from the Site. 

Buried Drums /Liquid Wastes/Sludaes 

Minimize or eliminate continuing source of contaminants to subsurface soils 
and groundwater. 

' 
Provide adequate protection against human contact, consumption or 
inhalation with wastes which have a total cancer risk for all carcinogens 
greater than to-4 to w-6, with a point of departure of to-6. . 

Provide adequate .protection against human .contact, consumption or 
inhalation with wastes which have a total hazard index based on ref~rence 
doses for all contaminants greater than 1.0. 

Surface Water and Sediments 

.J 

I 
..J 

I 

J 

J 
j 

J 
'-'J 

J 
J 
J 
J 

.._____ 
-' 

-
Reduce potential for erosion and transport of contaminated sediments and 
surface soils surrounding drainage ditches, wetlands and tributaries of Turkey 
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Reduce to accep,table levels releases of contamitlallts from sediments and 
groundWatet discharge that would cause applicable ARAru to be exceeded 
in surrounding drainage ditches and tributaries of Turk~ Creek. 

Reduce or eliminate exposure of wetland organisms and human populations 
to contaminated sediments and surface water. 

landfill 

Provide adequate protection against human contact, consumption or 
inhalation of leachate,.contaminated soils, sediments, surface water, and 
groundwater which has a· total canctr risk for all carcinogens of greater than 
to-4 to to-6; with a point of depai1ure of to-6. · 

Provide adequate protection against human contact, consumption or 
inhalation of, leachate, ~ritaminated soils, sediments, surface water, and 

.. groundwater which have. a toial hazard index based on reference doses for all 
contaminants greater than 1.0. · 

2.2 General Regonse .&cdons 
In this step, the general response actions that :will satisfy the remedial action objectives 
are developed. To satisfy the remedial action objectives, general response actions have 
been developed for probable sources of be~th risk$. General response actions, 
assoCiated technology groups and process ~ptions ittntifled for consideration are 
presented in Figure 2-1. 

2.3 ldeDtUication and Sc:reeabjc ot Rgtedlal TeebnoloJies 
In this stept the·· universe of pote~tially applicable technologies and process options are 
identified and then subsequently reduced by screening (evaluating) the options. 
Technologies and process options ,wer.e identified in consideration of the types of 
contaminants identified during the Remedial Investigation. 
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The purpose of the screening process is to select a limited number of promising 
technologies for consideration in assembling remedial action alternatives. A decision is 

made whether to retain an identified technology or process option for use in developing 
alternatives or to eliminate it from further consideration. Criteria used for screening of 
the options include effectiveness, implementability, and cost. 

Effectiveness is the primary criterion used to screen options at this point. Effectiveness 
is evaluated considering end results; i.e., the ability of the technology to meet the 
remedial action objectives. 

Implementability is evaluated considering the technical and institutional feasibility of 
implementing the technology. Technical implementability considers a range of factors 
relevant to obtaining, installing, and using a particular technology. Some remedial 
technologies are proven and readily available, while· others are in the research and 
development stages. Insufficiently developed technologies are generally screened out. 
Site conditions must be compatible with the feasible range of a given technology's 
capability, considering for example, depth to bedrock, depth to groundwater, space 
requirements, etc.. Institutional implementability considers a range of factors relevant to 

. the testing, review, approva~ or permitting of a particular technology. 

Cost plays a limited role in the screening of options at this point. Cost is evaluated 
relative to capital and operation and maintenance costs. 

Potentially applicable remedial action technologies that have been identified for ACS 
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ar.e listed in Figure 2-1. The Figure briefly describes the technologies, indicates the -
applicability of eadl technology, and presents the remedial technologies retained for 
further consideration. The screening of potentially applicable technologies considered 
for the Site is summarized in the following sections. 

2.4 Groundwater and Surface Water Remedial Technolo&i@ 

Technologies addressing contaminated groundwater would apply to both the ~pper and 
lower aquifers at the Site. The screening of potentially applicable groundwater and 
surface water technologies is presented below. 
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Access ·restrictions may be taken as part of an overall Site remedy~ Deed restrictions 
would be appropriate for properties within potentially contaminated ateas. The 
feasibility of this depends on-~hether the U.S. EPA/State/CitY bas· tins authority and is 

-- willing to impose restrictions. Both of these institutional measures will be retained for 
alternatives development 

2.4.2 Groundwater Containment· . . . 
Groundwater control methods fall into two categories: physical barriers and hydraulic 

' , • J 

gr~dient control. Physical barriers can be. ~ffective in controlling· the movement of 
groundwater and its associated contaminants by placement of low permeability barriers 
to reduce flow from one area to another. Hydraulic graditnt control_ is used to modify 
iocal groundwater flow patterns. This is accomplished using water injection, 
groundwater extraction, or a combination of l}Je two. ·~ · 

2.4.2.1 Barriers. Both horizontal and Vertical barriers are under Consideration for the 
Site. Low permeability ait-otf w .. ls or dive-rSions are installed belo\v ground to contain, 
. capture, or redirect groundwater floW iJ:i .the vicinity of the 'Site .. Slurry walls are the most 

common subsurface barrieti becarise .they are a rela+ly inexpensive means of vastly 
reducing groundwater flow in unconsolidated earth materials. An engineered soil 
mixture is blended with. the bentonite sluny and placed iri a vertical trench to foim a soil-

. . ' 
~bentonite slurry wall. In soine cases, the trench is ·excavated under a slurry of portland 
cement, bentonite~ and water; ·and this mixtur-e is left in the trench to harden into a 
cement-bentonite slurry' wall. At the ACS Site, ·the depth to the clay aquitard is 
conducive to the implementation .of slurry Walls as a vertical barnet tc) prevent off .. Site 
groundwater Oow in the upper aquifer. Slurry wallS keyed in'to the Jow pC"rmeability clay 
aquitard at a depth of 'app"roximately is feet would also be effective in reducing 

quantities of water to be pumpe~ as a part of a pump and treat alternative. Slurry walls 
wru be retained for alternatives developriient. 
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Grout curtains are subsurface barriers created in unconsolidated materials by pressure 
injection. Grout barriers can be many times more costly than slurry walls and are 
generally incapable of aitaining truly low permeabilities in unconsolidated materials. 
The vibrating beam method places grout so as to generate a wall. As it is difficult to 
ensure the integrity of a grout curtain or a vibrating beam wall, these technologies will 
not be retained for alternatives development. 

In addition to slurry wall and grouted cut-offs, sheet piling can be used to form a 
groundwater barrier. Sheet piles can be made of wood, pre-cast concrete, or steel. 
Wood is an ineffective water barrier, however, and concrete is used primarily where 
great stren~h is 'required. · Steel is often the most effective form of groundwater cut-off. 
Interlocks between barrier material may be difficult to seal. This technology is not 
retained because of high associated costs and unpredictable wall integrity. 

Bottom sealing refers to techniques used to place a horizontal barrier beneath an 
existing Site to act as a floor and prevent downward migration of contaminants. Both 
block displacement and grout injection bottom sealing process options involve variations 
of the grouting techniques as described above. These technologies are not retained for 
alternative development due to the difficulties with assuring the integrity of such barriers 
and because the Site already has an effective clay layer beneath it. 

2.4.2.2 Gradient Control. Injection is used to develop a hydraulic barrier by creating a 
mound in the water table. Water can be injected into the aquifer using wells, trenches, 
or seepage basins. The high permeability of Site soils would make this technology 
difficult to implement. A high volume of water would be required ·for injection, and it is 
likely that the injected water would discharge directly to the surrounding wetlands as 
opposed to mound_ing. Injection of clean water to the aquifer as a method of gradient 
control is not considered viable, and is not retained for alternative development. 
Reinjection of treated groundwater, however, could be used as a form of groundwater 
flushing to both enhance aquifer cleanup and minimize the dewatering of Site wetlands. 
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2.4.2.a Extraction/Collection. Groundwat~r extraction is a method of eontrolling 
groundwater.movement, while (emoving contaminants. 'wens ·2U1Cf tre~hes are most 
commonly used to collect groundwater. Trenches ~e ntost effective for low permea})ility 
soils. but are also used in bigher permeability sandy soils. If wells are used, the high 
permeability of the Site soils suggests -that. an array of shallow wells placed so th~t their 
zones of influence overlap ~ould provide an ~ffective. extraction system. ~th systems 
will be retained for alternatives development because they are the most generally 
effective and readily ~plemented groundwat~r extraction devices for this Site. 

A well poi.nt and header system couid also ,potentially be used. This would provide 
fleXIbility in operation of a multiwell system white limiting maintenance on pumps. The 
effective depth of such a system may limit its viab}lity at this Site. 

2.4.3 Direct Groundwater and Surface Water Treatment 
' - . I 

VOCs, SVOCs and metals were detected in ground~at.er samples. Groundwater 
treatment methods can be divided i~to three categories: biological, chemical~ .and 
physical. Some level of treatinent will pt~bably be required prior to any discharge, in 
order to attain efflue~t llinitations. Treated eftluent from the processes described in the 
following sections may be discharged via recharge wells to the upper aquifer, to Tur)cey 
Creek via conve~tional pipeline and outfall, to the w~tlands west of the Site, or to a 
publicly-owned treatment works (POTw). Discharge to the POTW may require 
pretreatment. All four methods are appropriate options for consideration for 
groundwater treatment systems, and will be retained for alternatives development. 

Discharge to the POTW. would result in an increase in hydraulic loading on the local 
plant. Volatilization would be the major fate of VOO at the POTW, and substantial 

' . ' . 

removal efficiencies may be obtained, even though the plant was not ,specifically 
designed for VOc removal. Al1bough·discbarge to the·Parw may not be appropriate 
because of high hydr1u~lic loadings and eleval~d VOC concentrations, it ~ay become 
feasible if water quantities· and VOC levels are lowered in time. Therefore, this 
discharge option. is retained for consideration. . 
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2.4.3. 1 BiolQ&ical Methods. Aerobic biological degradation is potentially applicable to 
treatment of BETX compounds, as well as numerous other organic compounds, found at 
this Site. Metals are not treated using biological processes. Aerobic degradation of 
these compounds by methanotrophic bacteria has been demonstrated. Reaction rates 
and microbial growth kinetics have not been well defined for aerobic degradation 
processes. Reactor configurations are being developed and assessed, including a fixed
film gas-permeable membrane system (Woods, Williamson and Strand, 1989), a 
concurrent flow, packed bed, gas-phase continuous reactor (Huffman et. al., 1989), and a 
center downflow, annular space upflow column (Pritchard, 1989). Laboratory and pilot 
scale studies would have to be conducted to determine removal rates, biological growth 
kinetics and nutrient requirements. 

Anaerobic treatment can also be used to reduce contaminants in Site groundwater. 
Anaerobic degradation pathways have been published for aromatic and chlorinated 
solvents. The mechanism for anaerobic transformation of the compounds o~ concern is 
not well understood. Studies where transformation and degradation have been 
demonstrated all were conducted under conditions where another carbon an~ energy 
source was available (e.g., ethanol, acetate or naturally-occurring sediment organic 
matter). Therefore, a carbon/energy source and nutrients would have to be provided. 
Both aerobic and anaerobic treatment have been retained because of their degradation 
capabilities and potential applicability to Site contaminants. 

2.4.3.2 Chemical Methods. Conventiomil chemical treatment methods such as 
coagulation, precipitation, or reduction would not be effective in VOC removal, but may 
be necessary as a pretreatment step for metals prior to VOC treatment. Chemical 
precipitation involves the addition of chemicals to adjust pH to precipitate inorganic 
metals from solution. Prior to the settling of precipitated solids, it is often necessary to 
add a coagulating agent in order to flocculate solids which are suspended in solution. As 

part of the precipitation process, it is often necessary to add a reducing agent which 
alters the valence state of certain metals (e.g., chromium) in order to make them more 
amenable to precipitation. For this reason, these technologies have been retained as 
treatment alternatives because of their potential pretreatment applications. 
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fbototysis/Oxidation. Oxidation using ozone' and/or hydrogen .peroXide is. a promising I 

chemical treatment technology. In this pr~ ciZone an~/or hydrogen peroxide are 
contacted with contaminated water in a reactor. · OzOne. dec:Ornposes in water to form 

hydroxyl radicals, which .-eact with various orginic coqJpounds. Chemical doses and 

overall reaction rates must be determined ·exJ,eriinentally for a particplar effluent water, 
because of competing. oxidation and free radiat r~ns. The oxidation· process can be 

followed by ·photolysis, the photodegradation of contaminants using ultraviolet r~diation 

·or polar .solvents, io further remove orP:Jlic cOmpounds. Metals are not treated by this 
process. Both 'the oxidation and photolysis technologies. are retained due to their 

demonstrated effectiveness in contaminant destruction.· 

2.43.3 PbYsical Methods. Physical methods to be evaluated include freeze technologies, 
screening/filtration, air /steam stripping, activated carbon adsorption, reverse osmosis, 

ion exchange and spray evaporation. 

·Freezin& rechnolQ&ieS. Freeze crystallization operates on the principal that when water 
freezes, the ice crystal strucuu-e.lhat forms naturally exclu~es all contaminants from the 
water molecule DU\trix. A version of freeze .crystallization that directly _injects the 
refrigera.nt into the waste has been d~veloped. The process occurs within a 

crystallization column. The separated ,slurrY liquid is removed from the system for · 
disposal.· This technol~gy is theoreticaliy applicable to both organic and inorganic 
contaminants present in aqueous waste streams. This technology has not been retained 

since its ability to effectively treAt groundwater con~ th~ matrix and concentrations 
of VOCs and SVOCs at the ACS Site has n9t been demonstrat~. at either th~ laboratory 
or field scale. It does not offer any advantages oVer proven technologies which have 

been ret3:ined since contaminants wo1,1ld only be transferred from one medium to 
' . ' . 

another and not destroyed. 

Screenina/Filttation 
Conventional· physicallfeatment methods such as s~eening, filtration, or settling would 

not treat VOCs and are tllerefore .not considered viable'as a ·complete treatment 
technology. ·This altetnative has been retained· as a method of pretreatment for 

suspended solids. 
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Air/Steam Strippin&. VOCs are conventionally stripped from water using air or steam in 
a packed colurim. Water is pumped to the top of a tower packed with a high su~ace 
area, high void volume, and inert packing material. Water trickles over the packing and 
is discharged at the bottom of the tower. The stripping gas is typically introduced at the 
bottom of the tower. Volatile contaminants are transferred from the water to the 
stripping gas. For solutes as volatile and readily strippable as the VOCs detected at the 
Site, at the concentrations anticipated, ambient temperature stripping with air is 
generally used. Air pollution controls may be required. The effectiveness of this 
technology has been well demonstrated at numerous other Sites. Air stripping would not 
treat metals or PCBs. This technology is retained due primarily to its potentially 
acceptable effectiveness and low cost. Steam stripping may be more cost effective than 
air stripping due to the potentially high VOC influent concentrations that may be 
encountered (i.e. in excess of approximately 10 mg/1). 

Activated Carbon Adsorption. Activated carbon adsorption is also commonly used to 
remove organics from water. Most frequently, granular activated carbon beds are used. 
Contaminated water flows through the carbon bed and contaminants are adsorbed on 
the carbon. The process is capable of reducing VOCs and many SVOCs to less than 
detectable levels. When the capacity of the carbon is exhausted, the bed is taken out of 
s·ervice. The spent carbon is usually either regenerated, disposed of in a landfill, or 
incinerated. The choice of carbon handling methods. depends largely on the types and 
concentration of contaminants and the economics of regeneration versus disposal or 
destruction. The .effectiveness of this tech~ology for VOC removal has been 
demonstrated at several Sites, and the technology is thus retained. Carbon adsorption 
may also treat metals and PCBs pre.sent in the ground~ter. 

Reverse Osmosis. Reverse osmosis (hyperfiltration) is potentially applicable for the 
removal of VOCs. A semi-permeable membrane is used to effect a separation of solvent 
(water, in this case) and solute (e.g., TCE or benzene, in this case). The pore size in the 
membrane is such that water passes through more readily than the contaminant. 
Contaminated water is pumped under high pressure to membrane-holding cartridges. 
Water with lo~ contaminant levels passes through the membrane (permeate stream) and 
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. a concentrated aqueous VOC solution. (concentrate stream} remains on the preSsurized 

. side of the membrane. A concentra~d rejeCt stream. must 'therefore be manage.:t. the 

relative 'proportions ~f permeate and concentrate depend on solu·te properties, 
membrane properties, fl~ rates, operating pressures and tbe configuration and. number 

of units used in tbe process. No reports of full scale use of membrane separation for 

VOC removal have been identified. A major unknown is· membrane material 
compatibility With the contaminantS. The energy needed to operate a high pressure 
system and the need for . permanent tr~nt would likely make this a costly process . 

. This technology bas not been retained. sihce its ability to eff~vely treat groundwater 
containing the matrix and concentrations of VOCs and SVOCs ·at the ACS Site has not 

been demonstrated at either the laboratory. or field scale. Alternative proven 

~ecbnologies have been retained, instead. 

Ion Exchanae. Ion excbang~ involves tbe reversible interchange of ions •between a liquid 
and solid. Ion excbange is often used

1 
to remove _dissolved metal ioDs, cyanide, a~d other 

inorganic compounds fro in solution. It is not applicable to_ the. removal of VOCs or 

PCBs. Materials such as natural and synthetic zeolites and organic resins are used as ion 
exchange surfaces. This alternative bas bee~ retained as a method of inorganies removal 
prior to VOC treatment operations. 

Spray Evaporation. Spray evaporation, a procesS in which contaminate~ groundwater is 
·sprayed into the air, volatilizing VOCs to the atmosphere, is difficult to control. 
Complete volatilization of some constituents is unlikely. Once airborne, contaminants 
inay be carried off-Site. Therefore, spray evaporation. is noi considered viable for 
alternative development. . 

2.4.3.4. Thermal Treatment.. Several. different thermal d~struction methods are 

applicable to treating organic compounds p~;esent in the gro~dwatcr. Groundwater and 
surface water treated by thermal treatment teclmo19gies would be eval>orated as .part of 

the process. Section 2.5.2.2 discusses the prin~ples of thermal treatment technologies, in 
general, and incineration teehnologies in partieular. The pdnciples of wet. air oxidation 
are discussed in Section 2.5.2A. · Because of the energy intensive nature involved with 



Feasibility Study 
American Cbemical Services NPL Site 

June 21, 1992 
Page2-12 

using thermal destru~on techpologies to evaporate groundwater and surface water, the 
costs of using these technologies would be prohibitive. Since equally effective methods 
of groundwater. and surface water treatment are available, thermal destruction has not 
been retained as an alternative. 

2.4.4 Offsite Treatment 
The same technologies that were discussed for direct treatment on-Site in Section 2.4.3 
are also applicable as off-Site treatment alternatives. Extracted groundwater would be 

collected and transported to an off-Site treatment facility. Off-Site treatment 
alternatives include discharge to the POTW and transportation to a commercial 
treatment facility. 

2.4.4.1 Biolo&ical. Collected groundwater would be discharged to the POIW for 
biological treatment. Section 2.4.3.1 discusses the principles of aerobic and anaerobic 
degradation. Discharge to the P01W would result in an increase in hydraulic loading on 
the local plant. Volatilization would be the major fate of VOCs at the POIW, and· 
substantial re~oval efficiencies may be obtained, even though the plant was ·not 
specifically designed for VOC removal. Although discharge to the POIW may not be 
appropriate because of high hydraulic loadings and elevated VOC concentrations, it may 
become feasible if water quantities and VOC levels are lowered in time. Therefore, this 
treatment option is retained for consideration. 

2.4.4.2 Chemical, Physical. Thermal. Collected groundwater would be transported to a 
commercial facility for off-Site treatment. Due to the types and levels of contaminants 
present in the groundwater, as well as the large volumes of extracted groundwater that 
would require treatment, this alternative would be cost prohi~itive. Off-Site commercial 
treatment has not been retained as a treatment alternative. 

2.4.5 In-Situ Groundwater Treatment Methods 
In-place treatment of contaminated groundwater is pot~ntially viable for the physical 
conditions and contaminants identified at the ACS Site. As with abOveground processes, 
the technologies can be categorized as biological, chemical or physical methods. 
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Biological degradation of the primaty. <:ontaminants (e.g. BETX_compoundS, the PCBs, 

and chlorinated solvents) occurs either aerobically or anaetobically. Section 2.4.3.1 

discusses the principles of aerobic and anaerdbic degradation: Physically, an in-situ 

bioreclamation system would involve feeding nutrients, an organic substrate~ and possibly 
a te~inal electron acceptor into water from e~aCtion wells· and then reinjecting. the 
water· into the aquifer. The goal of this sy.stem would be 'to maintain_ s~Jitable 

environmental conditions tbroughout the aquifer ~ion of intere$t to support the 
growth of desired microorganisms to enhance aerobic or anaerobic degradation of 

con~ants. 'l)e major difficulty associated with this treatment is .that in some cases, . . 

neither the mechanisms responsible for specific compound degradation nor optimum 
growth conditions have been identified. Therefore, the ability· to maintain suitable 

conditions is difficult to assess at this ·stage. Because of the high permeability of soils 

present at the ACS .Site, both aerobic and anaerobic treatment will be retained .. 

24.5.2 Physical In-Situ M~ods. 

Permeable Treatment Beds. Permeable treatment beds are essentially excavated 

trenches placed perpendicular to groundwater flow and filled with an appropriate 
material to treat the plllJJle as it flows through the material. Some of the materi&ls that 
may be used in the" treatment bed are limestone, crushed shells,. activated carbon, 

glauconitic green sands, and • sY-nthetic ion exchange resins. Permeable treatment beds 
have the potential to reduce the qUantities of contaminants present in leachate plwnes. 
The system is applicable to relatively shallow groundWater tables containing a plume. 

Potentially numerous problems exist.in using a permeable treatJpent bed. nese include 
saturation of bed material, plugging of the bed with precipitates~ and _short life of 
treat~ent materials. Therefore, permeable treattbent should be considered as a 
temporary remedial action rather than, a perma,nent one. This technology would 
ultimately only slow, not prevent, migration of i:oritamiriants. This technology is 
eliminated from _further consid~ratio'n becaus_e of its "limited effectiveness .and 

implementabillty limitations. 
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$team StripJrina. Steam stripping involves the use pf steam and bot air to strip VOCs 
from contaminated soil. Metals or PCBs would not be treated by steam stripping. 
Present in-situ steam stripping processes involve the injection of steam through specially 
designed hollow augers which are moved vertically through the soil. It may be applied to 
depths of approximately 30 feet. The auger injection system is mobile, so larger sites can 
be treated by· sectioning into individual treatment cells. Off-gases of the steam stripping 
process are collected for treatment using a collection hood and blower. In-situ steam 
stripping has been retained for future consideration because of its potential to 
simultaneously treat VOCs present in both soil and groundWater. 

2.4.5.3 Chemical In-Situ Methods. Ozone and hydrogen peroxide can be used to 
chemically destroy. organic compounds in water in a reaction ,vessel. In principle, these 
chemicals could be injected into the aquifer to effect· volatile destruction. Because the 
desired reactions would take place in the porous medium of the aquifer instead of in a 
tank, niany other competing reactions could be anticipated. The system would involve 
feeding chemicals in aqueous solution into water from groundwater e~raction wells, and 
reinjecting the water into the aquifer. Materials of construction (pumps, piping, wells, 
etc.) must be resistant to the oxidants used. 

No reports of chemical oxidation of the contaminants of concern in an aquifer Qr in soils 
have been identified, so this technology would require extensive testing. This technology 
is not considered adequately developed for use at the Site, and is therefore eliminated 
from consideration due to effectiveness and impleme.ntability concerns. 

2.4.6 Treated Water Discharae 
A method of discharging the treated groundwater must be determined. Both on- and off
Site methods of discharge are available. 

2.4.6.1 Off-Site Discb~. Discharge of the treated groundwater to the POTW is the 
. primary off-Site alternative .availabl.e. Discharge to the POTW would result in an 
increase in hydraulic loading on the local plant. The groundwater would be treated to 
contaminant levels acceptable to the POTW. Further information pertaining to the 
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POTW's ·discharge requirements applicable to the treated groundwater must be 

obtained. This discharge option is re~ed for consideration. 

2.4.6.2 Qn-Site Discharae. Various on-Site discharge alternatives ~e also available. 

Treated grounclwater can be discharged to proximate surface water bodies such as 

stormwater eollection ditches or tributaries of Turkey Cre'ek. All of~e surface water 
' . 

discharge options would require obtaining a NatioJJ.il) Pollution _DiScharge· B1imination 

System_· (NPDES) permit. .Treated groundwater may also be. reinjected back into the 

upper or lower aquifer using rechar~e wells. Some of the available treatment 

alternatives (e.g.,. biological) work mor~ efficiently jf tte~ted groundwater is reis;tjected. 

The use of recharge wells may require obtaining a State injection well perniit. Treated 

groundwater can also be discharged to the wetlands l~ted west of the Site. Discharge 

to the wetlands would prevent them. from ~ing dewatered by groundwater pump and 

treat systems. In addition, the treated groundwater could be used to flush residual levels 
/ . . - . 

of contaminants from wetland sediments. 

Both on- and off-site discharge alternatives have been retained for future consideration. 

2.5 Wuteand SoP RagedlaJ ]'ecbnoloJies · 
Waste is considered to be act~al waste materials that were deposited at the Site. It 

would include drums, contents of drums, drum residues and free product that was 

dumped or pumped onto the ground surface or into excavations. Soil ·refers to arty Site 

5oils which contain residual levels Qf contaminants. VOO, SVOCs and metals were 

detected in soil samples co~lected from all areas excluding the Inactive Landfill. The 

following sectiQns present a screening of the technologies available for treating waste 

and soil at the Site. If a technology is only appropriate for just waste or just soil, it is 

noted. 

~S.l Waste and _SoU Access RestriqioDs 
Access restriCtions may be used as part of an overall Site remedy. Deed restrictions 

would be appropriate for_properties Withbi contannnated areas. The feasibility of this· 

depends on whether the U.S. EPA/State/City has ·this authority and is willing to impose 
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restrictions. Fencing designated areas of contamination would aid in reducing the 
incidences of trespassing, thus decreasing the risk associated with dermal contact of 
contaminants. Each of these alternatives has been retained for consideration. 

2.5.2 Waste and Soil Removal 
Removal of contaminated materials at the source areas would be a technically feasible 
means of minimizing the additional release of contaminants to groundwater, suiface 
water, soil, and air. Options for managing these materials include treatment (on-Site or 
off-Site) and disposal (on-Site or off-Site). On-Site technologies considered for 
alternative developme_nt can be divided into four categories: biological, chemical and 
physical treatment; and thermal destruction. 

• 
Candidate areas for removal include VOC contaminated soils from all of the areas. 
Intact buried drums are believed to be present in the On-Site Containment Area. Drum 
waste and drum carcasses are present in the Off-Site Containment Area and the Still 
Bottoms/Treatment Lagoon Area. Excavation of contaminated soils and buried drums 
would be effective as a source control measure and would eliminate or reduce further 
contaminant migration associated with the soils. Field screening during excavation 
activities would be required to provide the necessary data to accurately define the areal 
extent of contamination and to determine when target cleanup levels hav.e been 
achieved. 

2.5.2.1 Bioloiical Treatment 
Section 2.4.3.1 discusses the principles of aerobic and anaerobic degradation. Biological 

\ 

treatment is potentially viable for removal of Site contaminants, and could be more 
readily controlled above-ground using landfarming or bioreactor methods. Metals are 
not treated using biological processes. Degradation of the primary Site contaminants 
can be accomplished either aerobically or anaerobically. Biological treatment could be 
accomplished in a moving bed or rotary drum contactor, which may also promote 
volatilization. Slurry-type reactors could be used, but this would produce an aqueous 
waste stream requiring treatment and disposal. Pilot testing would be required. 
Biological treatment is retained for the development of alternatives for soil and waste. 
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Several different process options were considered for thermal treatment. Incineration 

can be performed either on-Site or off-Site. Mobile ~cinerators have been developed 

for on-Site use that operate as effectively ~ off-Site facilities. Mobile incinerators can 
be used to reduce or eliminate organic compound contamination in soils, wastes and 

water. A mobile incinerator· treatment system requires several tractor~ trailer units to 

transport the necessary equipment to the Site. The capa~ty qf commercially ~vailable 

mobile incinerators varies depending on the size and the type. of unit that is utilized. 

Utilities needed for the operation-for a :mobile unit inc:lude eleetnc power,.auxilial)' fuel, 

· and clean water. The residue remaining after incineration would be disposed of on-Site 

or .at an off-Site landfill. Air emission scrubbers required to reduce air pollution 

. potentia} will generate waste etnuent and particulates that must be properly treated and 

disposed. The efficiency and ability of the incinerator will have to be tested to determine 

its ability to destroy the organic contaminants to compliance ·levels. The vo~ume of soil 

potentially requiring treatment would d.ictate that above-ground incineration be 

performed in stages.. Considerable material handling activities' wo~ld be required. 

Incine.ration would not treat metal~ , There may be ~me public opposition to the 

implementation of the on-Site incineration ~dternati~e. The three proce.ss options 

retained for alternative development, rotary kiln, infrared. incineration, and low 

temperature thermal treatment are described below. 

Rola.[y Kiln Incineration 

Rotary kiln incinerators are cylindrical, refractory-lined ·shells. They· are fueled by 

natural gas; oil, or pulverized .coal. Most of the heating of the waste is due to' heat 

transfer with the colllbustiqn product gases and the walls of the kiln. 
- '. - . 

' ' . ' . ' ' 

Wastes are injected into the kiln at the higher end artd ar~ passed through the 

combustion zone as the kiln rotates: The rolation creates turbulence and improves 

- combustion. Rotary kilns often empJoy ,afterburners to e_nsure complete ~mbustion. 
Most rotary kilns are equipped with wet scrubber emission controls. 
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The residence time and temperature depend upon combustion characteristics of the 
waste. Residence times can range from a few seconds to an hour or more for bulk solids. 
Combustion temperatures range from 15000F to 30000F. Because the primary 
contaminants in the soil are VOCs, it may ~e possible to utilize much lower 

, temperatures to release the VOCs. 

Infrared Incineration 
Infrared incineration systems destroy organic compounds in soils and wastes, through 
thermal oxidation, usirtg infrared energy as the primary heat source. Wastes are carried 
through the primary furnace on a conveyor belt that is gently sifted to ensure mixing and 
combustion. Electrically infrared rods located above the conveyor beat the furnace to 
approximately 18000F. The residence time varies from 10-180 minutes depending on the 
waste type. Ash residue from the furnace is discharged into a hopper, and is then 
conveyed to a collection system for containment, testing, and subsequent disposal in an 
appropriate on-Site or off-Site landfill. 

The organic vapor generated in the primary furnace is exhausted to a secondary 
combustion chamber, which is heated to 23000F using propane burners. A residence 
time of several· seconds ensures destruction of any remaiJiing organics. Exhaust gases 
from the secondary chamber pass through air pollution control equipment prior to 
discharge. 

Low Temperature Thermal Treatment 
Low temperature thermal treatment is a separation process ·to remove VOCs and 
SVOCs from a solid matriX. The system consists of a dryer and gas treatment system. 
The dryer heats the materials and volatilizes the water and organic contents. Its 
operation temperature and energy requirements are- much less than incineration. 
Operating temperatures typically range between 4500 and 8500F. The gas treatment 
.system condenses and collects the volatilized compounds for disposal. It also serves as 
the air pollution control portion of the system. The applicability of low temperature 
thermal treatment to the destruction of PCBs has yet to be determined. 
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25.2.3 ~ical Irea~t . 
. Physical treatment m~th()ds. considered for alternative development includ~ the 

following: solvent and vapor extraction, son flushing and fixation. 
' . ... 

vapor Extramon 
Vapor extraction at ambient temperatures would address the VOC, and possibly SVOC, 
contamination at, the Site. A vacuum is appl~~d at some oollection point or series of 

collection point$. Steam may also be injected in or~er to tl~~e soil temperatures and 

increase removal efficiencies. Soil gases and contamiriant vapors mipte toward the 
collection P,lints. The gases, may require treatment.prior to discharge. This Is typically 

accomplished :using an adsorbent bed, a catalytic combustion device or a fume 

· incinerator. Vapor extraction would not ~e,8t metals or PCBs. Operating conditions are 
better controlled in above-ground applications. Above-ground operation of vapor 

extraction would not be inhibited by the shallow groupdwater C9nditions present at the 
Site. The volume of soil that potentially requit~s treatment Would dictate that above .. 
ground treatment be performed in stages·. ·Considerable material handling activities 
would be involved. This treatment alternative will be retained for both soil and waste. 

Solvent ExtnJction 
Solvent extraction utiliZes .liquified gases and other organic solvents to extract organics 

from sludges and soils. The extraction process occurs in a batch reactor unit. The . . . 
solvent flows upward through the material and extracts organic compounds that have 
been adsorbed. The extracted mixture goes to a separator where' the solvent is vaporized 
and recycled. The recovered .organics are drawn off from the separator for disposal. 
Solvent extractiop is pot~ntially ~pplicable to the organic compounds present at the Site, 
but iias not been proven under field conditions.· Pelkontaminated batbor ~diments 
have been suc~essfully treated using .solvent extraction. . Even though metals are not 

treatable ~ solvent extraction,. a;11 analogous soil ~~shing· metbQd could be used for 
metals removal. The .volume of soil which potentially _requires treatme~t would dictate 
that above-ground treatment be .performed in stages., Considerable material 'handling . . 

activities would be involved. Ev~n thOugh this technology has not been field teSted for 
the contaminants present at the Site, it has been retained for soil beca\lse of its potential 

ability to treat most of the primary contaminants. It will not be retained for waste 
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because o~ the very high levels of contaminants in the waste. Solvent extraction is 
typically used to separate organics from soils (i.e. solids) or perform phase separation of 
oils, water and solids in the case· of refinery waste. The waste materials, which would 
exist predominantly in liquid, sludge and slurry forms, woul~ not present a matrix 
amenable to phase separation by solvent extraction. 

Fixation 
Fixation methods are designed to immobilize contaminants and thereby prevent their 
leaching. Once the mixture _hardens, contaminants become fixated within the structure 
and leaching is minimized or eliminated. These methods have particular application to 
metals contaminated soils. However, their ability to immobilize organic compounds and 
PCBs have yet to be adequately proven. The addition of materials, as well as operating 
_conditions, are better controlled in above-ground applications. This treatment 

_ technology will be retained for soil since it may be applicable to potential treatment 
residues (e.g. incinerator ash) resulting fr?m other treatment methods. 

Soil Washin& 
Above-ground soil washing utilizes an aqueous-based flushing solution and mechanical 
separation metb~ to extract organic and inorganic contaminants from the adsorbed soil 
phase. The extracted mixture is then separated from the solid soil phase and either 
recovered or disposed of in a proper manner. Depending on the soil type and 
contaniinant matrix, repeated flushing/washing cycles may be required to eff~ctively 
remove organic contaminants adsorbed onto soils. Soil washing is most effective in 
removing contaminants which are readily soluble in water and are not strongly adsorbed 
onto soils. Surfactants are typically used in the removal of less soluble, hydrophobic 
organic compounds. No technology currently exists to separate surfactants from 
extracted org~cs. 

Case studies involving the use of surfactants to extract organic contaminants liave been 
limited to pilot studies involving wood treating and petroleum sites (U.S. EPA 1989). 
ReJ?orted remova~ efficiencies for aromatic VOCs do not document their final 
disposition. Significant volatilization of VOCs during the separation and mixing 
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operation would likely occur, which would increase the potential exposure risk for ACS 
. ' . 

. workers and neuby residents. Tbe use of surfactants iq ·the extraction of hydrophobic 
organic contaminants is chemical specific and effe'ctive 'only for simple contaminant 

matrices (U.S. EPA, September 1988). 

This process option has not been retained for alternatives development for both soils and 

bUrled waste~· of ~e COJDpleJ( organic contaJDinant mamx present in these media, 
as well as the hydt:ophobic nature and high soil adsorption affinity of most of the 

· detected VOCs and SVOCs. Because of the high orpnic ~pcentrations, aqueous-based 
solutions would not be effective in .extracting organics which would likely remain 
preferentially dissolved in the oil phase. 

2.5.2.4 Chemical Treatment 
Chemical· treatment methods consid~red include oxidation/reduction, dechlorination, 

and wet air oxidation. 

Qxidi¢ou!Reduction 
The oxidation process for soils is similar to th~t descri~ for groundwater in Section 
2.4.3.2 .. The process ofreduction·involvesmixiDg a reducingagentwi~ the con~ated 
soils in a contactor. to reduce c~orinated organics. The cost of both oxidation ap.d 
r~duction are likely to be prohibitive . due to the large .ftltume of materials involved; 
th~refore, th~y are not retained for alternative developiDent. · 

DecbJorin&tion 
, Dechlorination is a process that involyes the ad<Jition of an alkali metal and polyethylene 

glycol (PEG) reagent to remove chlorine atoms from chlorina~ Qrganic compounds. 
Dechlorination processes have been commercially developed primarily for the treatment 
of PCB's in elecQ'k transformer fluids ... However, the process may be applicable to soils 
contaminated with PCB's, dioxins,_ pesticides, and other chlorinated hydrocarbons. 

Residues from the process include (:hloride salts, polymers, and occasionally heavy 
metals. The heavy metals may require treatment before disposal.· A dechlorination 

. I . 

process applicable to soils has yet to be develqped. Dechlorination treatment is not 
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applicable to non-chlorinated VOCs and SVOCs also present in areas of PCB-containing 
soils. This process option has not been retained since there is presently no means of 
applying it to soils, and alternative technologies have been retained which have the 
capability of treating VOCs and SVOCs also present in PCB-containing soils at the Site. 

' 

Wet Air Oxidation 
Wet air oxidation involves· aqueous phase oxidation of dissolved or suspended organic 
substances at elevated temperatures and pressures. The temperature of the process is 
relatively low, 350-6500F, and the pressure varies between 300-3000 PSI. The waste is . 
pumped into the· system by the high pressure pump and mixed with air from the air 
compressor. The mixture passes through a heat exchanger, and then into the reactor 

·where oxygen in the air reacts with organic matter in the waste. The oxidation is 
accompanied by a temperature rise. The gas and liquid phases are separated after the 
re~ctor, and the liquid passes through the heat exchanger, beating the inco~ng material. 
The gas and liquid streams are discharged from the system through control valves. The . 
degree of oxidation is primarily a function of reaction temperature and residence time. 

Wet air oxidation is used primarily to treat concentrated aqueous waste streams 
containing organic and oxidizable inorganic wastes. It is generally selected for treating 
or pretreating a waste stream which bas a high COD/BOD ratio and is not readily 
amenable to biological treatment. It is also selected where it is determined to be more 
cost-effective than incineration of aqueous wastes. Waste streams for which wet air 
oxidation is particularly applicable include concentrated streams containing pesticides, 

herbicides or other complex organics which are not readily biodegradable. This 
technology has not been retained for alternatives development since it is only applicable 
to aqueous waste streams, and not to solid, sludge or slurry-phase waste matrixes 
represented by the buried waste and soils. 
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~.5.2.5 Land Disposal. Disposat of eXcavated soils can be implemented off-Site in an 

existing RCRA-permitted landfill. Off-Site 'disposal involves excavation of soils 
contaminated in excess .of the target criteria and transportation to an approved RCRA
.permiUed .hazardous waste disPQsal ~acility. Sin~ the wastes contained in the buried 
drums are not expected to meet the RCRA !Jnd d~ requirements, this technology 

will ~ot be retained for alternativ€; devel~pmeQt for wastc;s. It will be retained for soil 
and for the aisposal ofpotential residues (e.g., incinerator ash). 

On-Site disposal of excavated soils necessitates the construction of a secUte hazardous 
waste landfill at the Site. Elements of such a Site must meet the applicable RCRA 
requirements and regulations (40 CFR 264300- 264.317), as well as State requirements, 

unless a variance is allQwed. Because of the reasons described above, on-Site disposal 
will not be retained for the removal of wastes, but will be retained for the disposal of 

. soils and potential treatment resi~ues. 

253 In-Situ Waste' and Soil Treatmeiu 
A variety of process options exiSt for treating the contaminated soils in-situ. They can be 

classified as biological, chemical and physical. 

. . . 

2.5.3;1 Bjoloaical In-Situ Treattjlent. Biological degradation of the primary 

contamint\lltS (e.g. BETX compm~nds, PCB_$, chlorinated_ solvents) can occur either 

aerobically or anaerobically.' Section 2.4.3:1 discusses tlie principles of aerobic and 
anaerobic degradation. In-situ biological trea~ent of soils is often done in conjunction 
with in-.situ. vapor extraction or biological ireatinent ~f groundwater. The activity of 
organisms responsible for contanlinant <Je~truetion is· controlled by several factors, 

notably nutrients, water and electron receptor availability, tempera.blre and pH. In 
,<ldition, activities can be inhibited by the presence of toxic organic compounds~ metals 
or high salt contents. During the microbial gr9W(h process, available nutrients, such as 

nitrog~n and phosphorus, mUst be mmntain~ to ensure that only. the contaminant is the 

limiting nutrient. Control of th~ physical environment may 'be utilized to enhance 

organism growth by maintaining adequate m~istur~ and optimum pH and te~perature. 
The higher the temperature (within organism limits) the faster· the degradation. 

Biological treatment does· not degrade metals. 
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In-situ treatment typically involves the biodegradation· of tontaminants which are 
adsorbed onto soils· within a saturated zone. The process involves the addition of·small 
amounts of nutrients and, for aerobic processes, large quantities of an oxygen source. 
This is accomplished by injecting nutrient-enriched solutipns into the contaminated zone 
through a series of wells or trenches, and recovering groundwater downgradient In 

·order for the process to be effective, the injection/recoVery system must provide for the 
transport of nutrients through the contaminated region. This is particularly difficult 
where the geology is highly irregular. 

The engineering parameters associated With this process are highly dependent on soil 
permeability, which becomes the rate-limiting step for mass transfer of oxygen to the 
organisms. In-situ bioreclamation has been used in some instances for treatment in 
unsaturated soils at shallow depths and above zones of contaminated water. These 
treatment systems are difficult to control, and rely on introducing nutrient-rich water to 
the soil through percolation or pressure injection. Air is then drawn through the soil to 
enhance the air exchange in the soil matrix. 

Because of the high permeability of soils present at the ACS Site, both anaerobic and 
aerobic technologies will be retained for both soil and waste. 

Bioharvestina. Bioharvesting involves the use of plants to accumulate contaminants in 
the tissues. Plant roots absorb contaminants present in the soil. The plants are then 
harvested for disposal. This treatment alternative has not been retained for either soils 
or buried wastes becauSe of the depths and levels of contaminants present at the Site. 

2.5.3.2 Chemical In-Situ Treatment. Available chemical treatment methods for in-situ 
treatment of chlorinated VOCs and semi-volatiles in unsaturated soils are limited. 
Chemical treatment methods include oxidation, reduction and photolysis. These 
technologies are descn"bed in Section 2.4.3.2. As discussed, chemical doses and overall 
reaction rates must be determined experimentally because of competing reactions. This 
can be difficult even under controlled conditions. It would be much more difficult, if not 
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impossible, to monitor and adjust the ~tern if the process were conducted in-situ. 
Therefore, due to the implementability limitations and uncertainties regarding 
effectiveness of applying these technologies in-situ, they have not been retained for 
future consideration fot either soils or buri~d 'Wastes. · 

2.S.3.3 fbxsica,lln-Situ ])~atmput. Physical in-situ treatment meth~ include vapor 
extraction, vitrification, injection groutina. s(}Jvent extraction, soil flushing, m..tion and 
r~<lio frequency.· The technologies aYailabie 'tor in-sitU treatment are. generally the same 
for ·removal and treatnlent descnoed in Section 2.5.2.3. 

Steam Stdggina. Section 2.4.5.2 disctisses the principles of ,steam stripping. ~In-situ 

steam stripping has been retain~d for future considerations for remediatirtg soil because . . ' . 

of its potential to simultaneously treat VOCs present in the buried waste, soil and 
groundwater. 

Yawr~on 
' ' 

Vapor extraction at ambient temperatures would address the VOC, and pos51"bly SVOC 

. contamination at the Site. A vacuum is applied at some oollection pa~ or series of 
collection points, which may be either wells or perfotated pipe laid m trenches. Steam 
may also be inj~cted in order to elevaie ·soil temperatures· and increase removal 

efficiencies. Soil gases and contamm~t vapors mi~toward the collection points. 
The gases may require treatment prior to discharge .. This ~ typically accomplished using 

. an adsorbent ~ a catalytic; combustion de~ce ot a fume i.Jicinerator. With well~placed ~ 
~ction wells_arid/.or trenches and by oontrolling pressure within the Wwtturated zone, 
contaminant vaporization can be controlled to effect contaminant removal from 
extensive areas and from under strUctures. Excessive ·moistu('e levels due to the shallow 

groundwater conditions at the Site may inhibit vapor extraction unless ihe affected areas 

are dewatered first. Vapor eXtraction would not tteat met• PCBs, and some SVOCs. 
Howe~er, although the vapor extraction technology; may ~ot treat all of. the SVOCs, 

recent studies have shown that. the procesS can enhance. biotOgi~ actiVity in the soil 
which inay help to ·reduce th~ remairiitig SVOCs. This technology is retained for, use in 
developing alternatives for soil and waste· based on implementability and effectiveness 

considerations. 
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Vitrification 
In-situ vitri(ication is accomplished by installing electrodes in boreholes around an area, 
applying a high voltage and ·heating the soil/wa.Ste mass as il result of the electrical 
resistance of the mass. Soils are melted at the high temperatures developed. A hood is 
erected over the area to be vitrified to collect off-gases, which are then treated. 
Vitrification results in organic co~taminant destruction and melting of the heated mass, 
which then cools to a glassy solid, immobilizing residual contaminants. This technology 
is best applied where very high temperatures are required for contaminant destruction, 
and where the glassy solid product is beneficial in immobilizing in6rganic contaminants 
that are not destroyed during processing. It is applicable to a depth of approximately 30 
feet. The shallow groundwater conditions at the Site will drastically increase the energy 
requirements if affected. areas are not dewatered first. The process is relatively 
expensive and energy intensive. This technology will be retained because of its ability to 
address all of the contaminants at the Site. 

bijection Groutine. This technology involves the injection of grout into the ground 
. through well points in order to stabilize contaminated material. Injection grouting may 

' be effective if the Site soils are homogeneous, the types of contaminants and distribution 
of contaminants are relatively cortsistent throughout the soil and the depths of 
contamination are known. If this were the case, it may be possible to develop an 
effective leach and pilot scale test. However, at the ACS Site, the concentration of 

\ 

contaminants range from low part per billion· to several percent within a relatively small 
area. In addition, the vertical distribution of contaminants varies significantly. 
Therefore, it would be difficult, if not impossible, to develop a pilot scale test that would 
model the potential behavior of the remainder. of the Site. This technology has not been 
retained for future considerations. 

Solvent Extraction. Section 2.5.2.3 discusses the principles of solvent extraction. The 
ability to uniformly distribute and collect solvents in-situ has yet to be demonstrated. 
Effective solvent extraction requires agitation and other mechanical means in order to 
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· provide sufficient contact time.· between the solvent and C()ntaniinant. These conditions 
would not exist for an in-situ application which would resUlt in ineffective removal. Most 
extraction solvents are toxic, themselves, which. :could result in further·impact 'to 

. t. ; • • • ' ' • • 

groundwat.er if an adequate collection and separation system can not be developed. Due 
to the implementability limitations and unce~ties regarding effectiveness of applying 
this technology in-situ, it has not been retained for future oonsideration for either soils or 
buried wastes. 

Soil Wasbiu& 
In-situ soil flushing involves the· ~ooding of contaminated soils in the ':'&dose zone with 
an aqueous-based solutiori. The resulting leachate is then collected for above-ground 
treatll,lent using either a series of extraction wells, s~allow wellpoints or subsurface 
drains. Soil washing is most effective in removing contaminants which are readily 

· soluble in water and are not strongly adsorbed onto soils. Surfactants ar~ typically used 
in the removal of less soluble, hy~phobic orgl.nic comPounds. Since swfactants are 
often toxic and cannot be separated· from the recovered groundwater tutrix, they must 
also be treated in the groundwater tre-tinent system. The use of 'surfactants in the 
extraction of hydrophobic organic contaniinants is chemical Spea"fic and effective only 
for simple contamiruuit matrices {U.S. EPA, September 1988). · 

Results of a pilot study demonstration of in-situ soil wislaing uSing various swfactants 
performed jointly by the U.S. EPA and the Air Force at the Volt Fi~ld fire training pit 
did not show any appreciable decrease in organic' con~narit concentratiOnS .in soils 
following seven days· of continu~~s flu5hing (Kostecki and Caiabrese ). The contaminants 
of concern involved various chlorinated and aromatic VOCs. It was concluded that in
situ soil flushing would be ineffective for contauiinants with a high affinity-for soil 
adsorption. 

This p:rocess ·option. bas not been retained as a primary method of treatment for 
· alternatives development for both .sails' ;~d bu.ried waste because of the compleX organic 

contaminant matrix present in tbe soils and· buried 'waste, as ~ll aS the hydrophobic 
' • ' • ; J • 

nature and high soil adsorption affinity of most of the detected VOCs and SVOCs. 
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Because of the high organic concentrations, aqueous-based solutions would not be 
effective in extracting organics which would likely remain preferentially dissolved in the 
oil phase. Since treated groundwater may be reinjected on-Site, in-situ soil flushing 
could be used in conjunction with a primary treatment m~thod to further. enhance the 
removal of contaminants from the vadose zone. 

Fixation 
Fixation methods are designed to immobilize contaminants and thereby prevent leaching 
of the contaminants. Special auger technologies are used to mix materials such as 
sulfides, lime fly ash and numerous other materials _into soil in-situ. Once the mixture 
hardens, contaminants become fixated within the structure and leaching is reduced or 
eliminated. These methods have particular application to metals contaminated soils. 
However, their ability to immobilize organic compounds and PCBs have yet to be 
adequately proven. The shallow water table condition present at the Site may also 
inhibit in-situ' fixation. This alternative bas been retained because of its potential to be 
used in conjunction with an in-situ treatment technology for VOCs and SVOCs in areas 
which have been impacted by PCBs and metals. High levels of organic content typically 
inhibit the binding and setup reactions involved in current fixation technologies. 
Because of its inability to immobilize high concentrations of VOCs, and the inhibition of 
the fixation process by high levels of organic content, it has not been retained for 
alternative development as a waste or primary soil treatment alternative. 

Radio frequency 
The in-situ radio frequency process uses electromagnetic energy in the range of 2 to 45 
megahertz to beat soil. VOCs and SVOCs are volatilized and migrate to the soil surface. 
A vapor containment cover is placed over the treatment zone to capture the released 
VOCs and SVOCs. The collected vapors are treated by thermal treat:r~ent or carbon 
adsorption. The process has been used successfully to heat the sands at depths of more 
than 1000 feet to enhance ~il recovery .. However, it has not been tested on 
contaminants present at the Site at a laboratory of field scale. Radio frequency would 
not treat metals, and may not treat PCBs. This treatment technology has been retained 
for soil because of its potential ability to treat most of the primary contaminants. It will 
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not be retained for waste because of the exorbitant energy requirements. that would be 
associated wjtb volatiliziDg areas of concentrated wastes. A health and s&fety risk would 
be posed by the unCQntrolled emission of large quantities of VOCs by the prQCeSS. which 
could either escape the captute system or ereate a potendaDy explosive gas stream. 

' ' ' 

2,5.4 ~aste and SoU ConJAinmeut 
Containment technologies consist of two general response actions: capping and surface 
stabilization. They are disc:ussed below. 

2.5.4.1 Cap,pina 
Capping is a pro_eess ~sed to cover buried waste materials to prevent· thek release to 
either the m or groundwater .. The' desigm of caps usuallY' conform to the performance , ' . ' . ' 

standards in 40 CFR 2_64.310, ~hich addresses RCRA landfiU'Ciosure requirements. 
These standards include minimum liquid· migration through the wastes, .low cover 
mainte~ce reqtiirements, sufficient Site drainage, high resistance to·danulgeby settling 
or Subsidence, and a permeability lower than or equal tq- tbe. underlying liner system or 
natural soils. · · 

There are a variety of cap d~igns arid. capping materi8ls ,vailable. Most cap _designs are 
multi-layered to conform with the above-mentioned deSIJil staridards; however, single
layered des~gns are also. ~ed for s~cial pu~ses. ~ design of multi-layered caps 
generally conforms to EPA's gui~ance under_RCRA, Whit.~ re~~ends a thret;-layered 
system consisting of an uppet vegetative layer, underlain' by a d~ge layer over a low · 
permeabili-ty l~yer. ~he veg~tadve layer. consists of top~oil; the drainage layer is 
composed of sand; and the low permeability layer is fonried bY a combined synthetic and 
soil liner syStem. . The cap functions by diverting infi~tratio:q liquids from the vegetative 
layer through the drainage layer and away trom. the 'underlying waste materials. 'The cap 
d~sip and selection of capping. materials js influenCed by specific factors such as iocal 
ayailability and COsts of eover ~aterials, d~ed· funcdons of cover materials, the nature 
of the wastes beinJ covered, ·local climate and hydroge4)logy, and projected future use of 
the Site. 
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The main disadvantages of capping are the need for long-term maintenance and 
uncertain design life. Caps will need to be periodically inspected for settlement, ponding 
of liquids, erosion, and naturally occurring invasion by deep-rooted vegetation. In 
addition, the groundwater monitoring wells, often associated with caps, need to be 
periodically sampled and maintained. However, these long-term maintenance 
requirements usually are considerably more economical than excavation and removal of 
the wastes. 

The design life of a cap is uncertain because of the uncertain life of synthetic liner 
materials (if one is used in the ~p ), the uncertain amounts of annual rainfall which will 
infiltrate the cap, and the uncertain rate of waste migration which would re.sult from any 
infiltrating rainwater. This uncertainty may necessitate the strategic placement of 
monitoring wells at a Site to detect any waste migration, thus signaling the need to 
replace the cap. Caps generally have a minimum design life of 20 years. Capping of the 
entire Site will not be retained for analysis. Capping of some areas such as areas of 
waste will be retained for alternative development for both waste and soil. 

Rigid covers such as concrete and asphalt are vulnerable to cracking because of 
settlement of was•es and chemical deterioration. Concrete covers may have a design life 
of about 50 years, except when applied to chemically severe or physically unstable 
environments. The area to be covered at the Site is large, thus increasing the probability 
of cracking and breaking of rigid covers. Therefore, rigid covers will not be retained as a 
· meth,od of containment for alternative development. Asphalt and concrete covers will be 
retained as a method of preventing dermal contact. 

I 

A soil cover provides basic prevention from contacts with surface soils and groundwater. 
It also prevents migration of contaminants to the extent that migration 'is via erosion. It 
is less effective in reducing migration of contaminants to the water table, because it only 
provides minimal reduction of surface water infiltration. It is most ~ffective in situations 

' where contaminants are not migrating to the water table. Since continuing migration of 
contaminants to groundwater is a concern, it will not be. retained for alternative 
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development. It will be retahted as a part of $0me altema~ where preventing direct 
contact with contami~ted m•terials is desired, but natural flushing through rainfall 
infiltration wiq be used to reduce contaminant levels·in soil and waste. 

2.5.4.2 Surface Stahilizatign. Surface stabilization teclmologies eonsidered for the Site 
include grading, revegetation, and dust control. Gradi~g is the general term for 
techniques used to resha~ the surface of the land in order to ma.Daae 5urf8ce water 
infillt'ation and run-off while controlling erosion. , ~e spreading and compaction steps 
used in grading· are ~ecluiiques practiced routinely at sanitary landfills. The equipment 
and methods used in grading are eSsentially the same for all surfaces, but applications of 
·grading tech~oiogy will ~ary by Site. Grading is often perforptCd in conjunction with 
surface sealing practices and revegetation as· part of an integrated landfill ·closure plan. 
. . . 
Regrading is a relatively .inexpensiye remedial action com~ent when suiQible cover 
materials are avaibible on.;.Site or close to the· disposal Site. Periodic regrading ~d 
future Site maintenance may be necessary to elimi~te depressions formed tbrough . . . . 

. differential settlement .and compaction, or to repair slopes that have slumped or b.ecome 
badly eroded. · · 

The establishment of a vegetative cover is a cost-effecti~ method to stabilize the sUrface 
of hazardous waste disposal sites, especially when pr~eded by capping and grading. 

Revegetation decreases._e~osion by wi.n. d and ~ter ancliPntrib\ltes to the devel. opment 
of a naturally fenile and stable su~a~ environment. ~, the te~hnique can be used ~o 
upgrade the appearance of dispo.sa1. si~ that are. bting considered for variou51 re-ilse 
options. Short-terin vegetati(le stabilizatio11 (i.e., on a semi-annual or seasonal basiS) can 
also be used as a rem~dial technique for dispOsal sites. 

Commonly used m~asures for controlliltg fu&i~ve ·dusts. from inactive ~te piles and 
active <:leanup sites include u~e of <:hemi~ dust suppressants, whtd lsa"eens, water 
spraying and other dust eontrot' mell$ures commonly ~sed during construction. Du~t 
supptessants include a wide range .. of natural and ·synthetic waste. materials which 
strengthen bonds between soil partiCles and hold· this strengthened condition for an 
appfeciable period of time. 
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Use of dust suppressant provides an effective means for temporary control of fugitive 
dust emissions, but must be periodically reapplied to pro.vide· long-term fugitive dust 
control. 

I 

Wind fences offer a low cost method of reducing fugitive dust emissions. A wind fence is 
a porous screen which takes up or deflects a sufficient amount of wind so that the wind 
velocity is lowered below the threshold required for initiation of soil movement. Wind 
screens are typically 4 to 10 feet high and are composed pf polyester or other high 
strength material. The fences can be easily transported and set-up for application in 
various work ·areas. However, they are, at best, only partially effective in controlling 
inhalable particulates. 

The most commonly used method for control of dust emissions is to spray water on the 
exposed surface areas. This method is mainly used to reduce fugitive dusts along active 
travel paths, excavation areas, and from truck boxes loaded with soils. Active travel 
areas dry quickly and water must be reapplied frequently (about every 2 hours) to 
maintain effectiveness. Water is applied to the unpaved road surface with a water wagon 
or spray bar. The quantity will vary with the road surface material, sunlight, humidity, 
and traffic level. 

The above surface stabilization technologies are considered short-term solutions which 
do not provide futur.e reductions of contaminant migration. Therefore, these 
technologies will not be considered as stand-alone alternatives. They may be used in . 
conjunction with other technologies during alternative development. 

2.6 Process Options Passiu TechnoiQ&Y Screenina 
Table 2-1 lists the process options which were retained for consideration in developing 
alternatives based on the Site and contaminant characteristics and remedial action 
objectives. Figure 2-1 presents a description and applicability discussion for both the 
process options which were retained and those which were rejected. 
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2.1 AJtmatlyes to be Screened . 
To maintain the necessary flexibility throughout the alternatives screening process, 
alternatives were developed based on general response actions, as opposed to remedial 
technologies and process options. Individual process options will be evaluated for each 
identified media of concern during the alternatives screening stage of the FS process. 
One to two remedial technologies and/ or process options will be selected for each 
identified media of concern following the completion of the alternatives screening stage . 
The selected remedial technologies and/or process options will be carried over into the 
detailed alternatives stage along with their respective alternatives. A list of the 
alternatives to be screened is presented in Table 2-2. 

Since identified remedial technologies and process options are not necessarily applicable 
to all of the media and potential contaminapts of concern, it is necessary to identify 
media of concern and evaluate the applicability of each alternative to each media 
separately. Structuring the analysis in this manner will allow for maximum flexibility in 
selecting the best remedial- action technologies to address the media and contaminants of 
concern at the Site. VOCs and SVOCs were detected uniformly across all of the areas 
sampled. PCBs and metals, however, were detected in discrete 'areas and were not 
uniformly present across the entire Site. Because of the contaminant distribution and 
presence of buried waste, the following media of concern were established in order to 
evaluate process options 'in the matrix of alternatives: 

groundwater; 

buried wastes as defined in Section 2.5; 

soils and sediments requiring the remediation of VOCs and SVOCs; 

soils and sediments requiring the remediation of VOCs, SVOCs and PCBs; and 

soils and sediments requiring the remediation of VOCs, SVOCs, PCBs and 
metals; 
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Table 2-3 presents a matrix of alternatives versus media of concern. It also presents the 
specific process options associated with each alternative that would be applicable to a 
given media of concern. 
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. SECI'ION 3.0 
DEVELOPMENT AN]) $<;R;ANJNG OF ALTERNATIVES 

' 3el DeyeiOJHDent ofA)ternatiyes 
3.1.1 Intrqduction 
Alternatives based on general response actions were presented in Section 2. 7. Individual 

process options wbich are applicable to each general resp(>itse action alternative will be 

evaluated for each identified media of concern as part of the preliminary screening 

process in this chapter. A representative number. of process options will be retained and 

combined in~o more specific alte111atives for detailed evaluation in Section 4.0. The final 

alternatives· to be evaluate<l in Section 4.0 will be identified at the end !>f this section; A 
prelimiilary screening of the general res~nse action alternatives based on the evaluation 

of individual process options is presented at the end of this section. A general response 

action al temative. presen,ted in_ Section 2.0 will. be eliminated from further analysis in 

Section 4.0 if all of the corresponding process options applicable to that alternative are 

eliminated during·the preliminary screening process in this section. 

The selection of process options to be retained in the final alternatives will allow for 

necessary flexibility to meet acceptable health-based risk levels and chemical-specific 
' ' 

cleanup objectives. Modifications to the process options retained in the final alternatives 

may be necessary. Modifications to the final alternative would likely involve the 

elimination or addition of secondary process options which are part of an overall · 

"treatment train" designed to treat contaminants either not amenable to treatment by the 

primary process option, or where contaminants are in a great enougll concentrations that 

!he efficiency of the primary system cannot treat or remove the coptamination to the 

required performance standard. 

To maintain the necesSary flexibility througbout.the.altemative screening process, three 

to four groundwater pumping and treatn)ent process optioQS will be selected for detailed 
. -

evaluation at the' beginning of Section 4~0. These groundwater pumping and treatment 

options will be. evaluated prior to the detailed analysis of the final alternatives. This 

approach is feasible since the evaluation of groundwater pumping and treatment process 
\ 

options is, for the most part, independent of the evaluation of source treatment (i~e., 

buried waste and soil) process options. 



Feasability Study -
American Olemical Services NPL Site 

June 22, 1992 
Page~2 

3. 1.2 Screenin& of Alternatives 
The purpose of the preliminary screening is to reduce the number of process options that 
will be combined into the final alternatives for detailed analysis. Defined alternatives 
are evaluated against the short- and long-term aspects of three broad criteria: 
effectiveness, implementability and cost. The references used in Section 3.0 to evaluate 
process options and develop preliminary cost estimates are presented in the bibliography 

in Appendix D. 

The preliminary screening of process options which are independent of the general 
response action alternatives (e.g., institutional measures, slurry wall) is presented in 
Section 3.3. The analysis of independent process options is presented separate from the 
process options which will comprise the final alternatives. Independent process options 
which will be retained for detailed ·analysis will be designated in this chapter. The on
and off-Site landfilling, above-ground fixation, coagulation/flocculation, reduction and 
screening/filtration process options will not be discussed separately in Sections 3.0 or 4.0. 
These process options were retained in Section 2.0 because of their potential 
applications as pretreatment or residual treatment alternatives. 

·· Aspects of effectiveness cohsidered include the ability of the alternative to protect 
human health and the environment, the reduction of the toxicity, mobility, or volume of 
the contaminants present at the Site, and the reliability of the alternative. Protectiveness 
was assessed by considering pathways addressed, determining whether MARs would be 

attained, considering the time until protection is achieved, and considering long-term 
management needs. 

The implementability of each alternative was assessed by considering the overall 
technical and administrative feasibility of constructing, operating and maintaining the 
remedial action alternative. The availability of the technologies which comprise the 
alternative was also evaluated by considering commercial availability, use at other sites, 
near-commercial availability for promising but unproven technologies or the existence of 
permitted facilities in or near the region. 
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Cost was consid~red when comparing alternatives providing sirm1ar protection. Readily 
available unit costs' were used for comparison purposeS w~re appropriate. Both capital 
and annual operation and maintenance costs were oonsidered. A qualitative _assessment 
of cost was· made when comparing variations of similar technologies (e.g. slurry walls). 
The cost comparisons presented in this chapter are preliminary estimates and do not 
include costs which are common to·all of the alternatives and/or process options. 

The following assumptions were made in the development of the preliminary cost 
'-../ estimates: 

controls will be required to collect air. emissions from air stripping, vapor 
extraction, vitrification and in-situ steam stripping operations; and 

gr_9u1!_dwater extraction and treatment systems will have to achieve potential 
ARARS prior to discharge under a NPDES permit. -

' 
Due to the relatively large number of waste constituents detected, compounds were 
grouped to·gether, where applicable, to assist in the preliminary screening process. 
Organic compounds have been grouped together based on. similar chemical 

cnaracteristics. One or two target compounds have been designated from each chemical 
grouping as being representative of that group for purposes of determinhig treatability 
potential. The selected target compounds represent primary contaminants detected at 
the Site based on either total concentrations found in soils or groundwater or 
contribution to overall health risk based on the Baseline Risk Assessment (BRA). More 
than one target compound was selected from a respective chemical group-if significant 
differences in physical properties used to evaluate treatability· (e.g., vapor pressure, 
solubility, Henry's Law constant, etc.) were evident. Table 3-1 presents physical 
parameters for the target compounds rel~vant to the preliminary screening process. The 
specific chemical groupings .and designated target conmounds are di~d below. 

. . . . . 
BETX Compounds - BETX is an aero~ r~presenting the compounds benzene, 
ethyl benzene, toluene and xylene. BBTX compounds are typically used as 
solVents and are derived from oil a.IJ.d/or hydrocarbon products. Benzene and 
toluene have been designated as being representative of thiS" group for use in 
evaluating treatability potential. 
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Chlorinated Methanes - The chlorinated methanes detected at the ACS Site 
include chloromethane, methylene chloride, chloroform and carbon 
tetrachloride. These compounds are used as solvents and degreasing agents. 
Chloroform has been designated as being representative of this group for use in 
evaluating treatability potential. 

Chlorinated Ethanes - Chlorinated ethanes detected at the ACS Site include 
1, 1,2,2-tetrachloroethane, 1, 1,2-trichloroethane, 1, 1, 1-trichloroethane, 1,1- and 
1,2-dichloroethane and chloroethane. These compounds are used as solvents 
and degreasing agents and may also represent an anaerobic biodegradation 
sequence. Chloroethane and 1,1,1-tricnloroethane have been designated as 
bemg representative of this group for use in evaluating treatability potential. 

Chlorinated Ethenes - Chlorinated ethenes detected at the ACS Site include 
trichloroethene, tetrachloroethene, cis- and trans-dichloroethene and vinyl 
chloride. Trichloroethene and tetrachloroethene are used as solvents and 
degreasing a,gents, while dichloroethene and vinyl chloride usually represent 
anaerobic biodegradation products of other chlorinated compounds. Vinyl 
chloride is also used as a monomer in the manufacture of plastics. 
Tetrachloroethene and vinyl chloride have been designated as being 
representative of this group for use in evaluating treatability potential. 

Ketones - Ketones detected at the ACS Site include acetone, methyl ethyl 
ketone, methyl isobutyl ketone and isophorone. These compounds are used as 
solvents and as intermediates in the production of other organic chemicals. 
Methyl ethyl ketone and isophorone have been designated as being 
representative of this group for use in evaluating treatability potential. 

Chlorinated Propanes- Chlorinated propanes detected at the ACS Site include 
1,2-dichloropropane. Since 1,2-dichloropropane was not a predominant 
contaminant detected at the ACS Site, it nas not been includea in the target 
compound list. · 

Chlorinated Benzenes - Chlorinated benzenes detected at the ACS Site include 
chlorobenzene and 1,2- and 1,4-dichlorobenzene. These compounds are used as 
raw materials in the manufacture of fumigants, pesticides and dyes. 1,2-
dichlorobenzene has been designated as being representative of this group for 
use in evaluating treatability potential. . 

Phthalates - Phthalates detected at the ACS Site include diethylphthalate, 
dibutyl phthalate, butylbenzylphthala·te, bis (2-ethylhexyl) pllthalate, 
dioctylplithalate. and dimethylphtllalate. Phthalates are used as plasticizing 
agents, and also may be naturally occurring. Dibutylphthalate and bis (2-
efhylhe~l) phthalate have been designated as being representative of this group 
for use in evaluating treatability potential. 

-
' .... 
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Pp~uclesu: Aromatic Hydrocarbons (E~)- PNAs detected at the ACS Site 
incude n.aphthalene, 2-methylnaphthaene, acenofbthene, P.henanthrene, 
fluorene, anthracene, fluoranthene, pyrene, benzo (a pyr~ne, tdeno (1,2,3-cd) 
pyrene, dibenzo (a,h) anthracene and benzo l2.b,i) perylene. PNA compounds 
are derived from coal tars, oils and other peh'Oieum prOducts. Naphthalene and 
2-methylnaphthalene were the only PNAS that were p_redPJDinant among the 
contaminants detected at the ACS Site. Naphthalene has been desipated as 
being representttive of this group for use in evatuating treatabilitY potential. 

fhenols - Phenols detected at the ACS Site include ·phenol, 2- and 4-
methyl{!henol, 2,4-Cilirilethylphenof and pentachlorophenol. These compounds 
are used as raw materials ana intermediates .in the prOduction of various orjanic 
chemicals and compounds. 4-methylJ:!henol has ·been designated as 6eing 
representative of this group for use in evaluating treatability potential. 

Miscellaneous O~anic ComJlonnds - Miscellaneous organic compounds 
detected at the A S Site which have not been placed in one of the above 
chemical groups include benzoic acid, bis (2-chloroethyl) ether, bis (2-
chloroisopropylJ ether, dibenzdfuran and hexachforobeuene. ·Senzoic acid and 
bis (2-chforoetl:iyl) ether are the only predominant compounds from this group 
detected at the ACS Site and have been designated as target compounds for use 
in evaluating. treatability potential. 

· ..f.CBs - PCBs are high molecular weight variably chlorinated biphenyls which 
were present in dielectric fluids formerly used m electri~al equipment (e.g., 
capae1tois, transformers) and hydraulic 'oilS.· Treatability potential for PCBs wtll 
be evaluated as a group as opposed to individually (e.g., Afochlor 1248). 

Tentatively Identified Com119.unds (TICs) - It is assumed that all of the TICs 
detected at the ACS Site wtll be represented ~ one of the chemical gt:oups 
already designated. TICs will not be included in the evaluation of treatability 
potential . 

. · Inorpnic Metals - Inorganic metals detected at the ACS Site include, aluminum, 
antimony, arsenic, banum, beryllium, cadmium, chromium, co~r, iron, lead, 
ma~esium, manganese, mercury, nickel, selenium, thallium, vanadium, zinc and 
total cyanides. Inorganic metals ~y be present in raw materials used in the 
waste streams disposed· of at the ACS Site. (e.g., pigments 'present in paint and 
ink sludges) or may be naturally occurring. Banum, arseruc; lead, iron and zinc 
have been designated as being representative, of this group for use in evaluating 
treatability potential. 
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The 1985 NCP revisions required selected remedies to attain or exceed applicable or 
relevant and appropriate Federal public health and environmental requirements 
(ARARs). In addition, the 1985 NCP required consideration of other pertinent Federal 
criteria, advisories and guidance, as well as State standards. In 1986, the Superfund 
Amendments and Reauthorization Act (SARA) Section 12l(d) codified and expanded. 
the ARARs conoept. Under Section 121(d)(2)(A) of SARA, remedial actions must 
attain a level or standard of control which attains ~y standard, requirement, criteria or 
limitation under any Federal environmental law, including but not limited to, the 
Resource Conservation and Recovery Act, the Toxic Substances Control Act, the Safe 
Drinking Water Act, the Clean Air Act, the Marine Protection, Research and 
Sanctuaries Act, and the Solid Waste Disposal Act, which are determined to be legally 
applicable or relevant and appropriate. 

SARA also requires remedial actions to achieve a level or standard of control which 
attains any promulgated standard, requirement, criteria, or limitation under a State 
environmental or facility siting law that is more stringent than any Federal standard, 
requirement, criteria, or limitation and is legally applicable or relevant and appropriate. 

SARA Part 121(d)(4) of SARA provides for waivers of ARARs under six (6) different 
types of circumstances. These include: 

where the remedial action is an interim measure and where the final remedy will 
attain the ARAR upon completion; 

where compliance will result in greater risk to human health and the 
environment than other options; 

where compliance is technically impractical; 

where an alternative remedial action will attain the equivalent of the ARAR; 

for State requirements, where the State has not consistently applied the State 
requirement m similar circumstances; and 

-

-
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for Section 104 remedial actions, where compliance with thct ARAR will not 
provide a balance between protecting pul>lic health, welfare, and the 
environment at the Site with the availability of Superfund money for response at 
other sites (fund-balancing). 

SARA Part 121( e) states that no Federal, State, or local permit shall be required for the 

portion of any remedial action conducted entirely on-Site. On-Site is defined to include 

the areal extent of contamination and all suitable areas in proximity to the 

contamination necessary for implementation of the response action. This exemption 
only applies to the administrative requirements of the permit. On-Site actions must still 

comply with the substantive requirements that permits enforce. 

Substantive requirements pertain directly to actions or conditions in the environment. 

Health- or risk-based restrictions (e.g. MCLs), tec~nology-based requirements (e.g., 

incinerator standards), and location restrictions (e.g. wetlands) are examples of 

substantive requirements. Administrative requirements are those mechanisms that 

facilitate the implementation of the substantive requirements of a statute or regulation. 

These include approval and issuance of permits, documentation, reporting, and 

recordkeeping. 

3.2.2 Definition Of ARABs and TBes . 
The NCP identifies two categories of remedial actimi requ~ements: 

. t 
l 

· ARARs; and 

Other criteria, advisories, guidance and. proposed standards To-Be- Considered 
(TBCs) 

·An ARAR can be either "appJicable" or "relevant and appropriate" to a remedial action. 

Applicable require·ments are those cleanup standards, standards of control, and other 

substantive environmental protection requirements, criteria, or limitations, promulgated 

under Federal or State law. These requirements specifically address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other circumstanc~ at a 
Site. Relevant and appropriate requirements are those clean-up st~dard$, standards of 

control or other substantive environmental protection requirements, criteria, or 

limitations promulgated under Federal or State law which are not applicable to 
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circumstances at a Site, but do address problems or situations s~fficiently similar to those 
encountered at the Site. TBCs are other Federal and State criteria, advisories, guidance, 
and proposed standards that are not legally binding, but may provide useful information 
or recommended procedures. For example, TBCs may· be used to set clean-up levels 

where no ARARs exist for a particular situation, or existing ARARs do not ensure 

protectiveness. TBCs generally fall within four (4) categories: 

health effects information; 
technical information; . 
policy; and 
proposed rules and regulations. 

3.2.3 Identification of Potential ARARs 

The potential .ARARs for the ACS Site are listed in Tables 3-2, 3-3 and 3-4 and are 
divided into three (3) categories, as defined in the NCP: 

Chemical-specific requirements; 
Location-specific requirements; and 
Action-specific reqUirements. 

Chemical-specific ARARs are usually health- or risk-based requirements often expressed 
as numerical values, which when applied to Site-specific conditions establish the 
acceptable amount of a chemical that may be found in, or discharged to, the ambient 
environment. Currently, there are only a limited number of chemical-specific 

requirements. Location-specific ARARs are requirements which place restrictions 

either on the concentration of hazardous substances or the conduct of activities solely 

because they are in specific locations (i.e., wetlands, floodplains, historic places, etc.). 

Action-specific ARARs are usually technology- or activity-based requirements which are 

triggered by the particular remedial activities that are selected to accomplish a remedy 
(i.e., capping, incineration, air stripping, etc.). 

3.3 Evaluation of Independent Process Options 
3.3.1 Groundwater and Surface Water Institutional Measures 

Description. Deed restrictions for property development and new well development on 

and adjacent to the Site would be implemented during remedial action. Deed 

restrictions would be appropriate for every alternative except no action. 

-

-

-
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Wells on and adjacent to the Site which coUld potentially be impacted by contaminated 
groundwater may need to be properly abandoned to minimize potential exposure 
pathways. Further monitoring of the impacts of Site contamination at adjacent wells 
would be required to determine which wells, if any, would require closure. Replacement 
of abandoned wells as necessary to prevent contact with contaminated water is assumed 
to be part of well closure. Well closure would be utilized as a part of every alternative 
except no action. 

Monitoring will be necessary to assess remediation effectiveness and to maintain an 
understanding of contaminant distributions in relation to water supply wells. Future 
groundwater monitoring will include use of existing wells and piezometers and any 

I . . 

' additional monitoring wells as warranted. Monitoring will be used as a part of every 
remedial alternative including no action. Monitoring includes collecting samples for 
analysis in a laboratory and water level measurements. 

Effectiveness. Deed restrictions and well closures reduce the risk of dermal contact and 
ingestion through drinking or bathing with contaminated groundwater. Deed restrictions 
also reduce the risk of dermal contact and 'incidental ingestion with potentially 
contaminated surface wate'r and soil. Monitoring alone does not provide protection of 
human health and the environment. Long term monitoring would help to maintain an 
understanding of contaminant distributions on and adjacent to the Site. 

Implementability. Implementing deed restrictions and well clOsures is dependant upon 
the willingness and authority of the U.S. EPA/State/City to impose such restrictions. 
Monitoring is easily implementable both technically and administratively, and will be 
necessary to assess remediation effectiveness. 

~ The cost of implementing deed restrictions, if any, would be limited to minimal 
administrative c~arges by the authority imposing restrictions. Well closure costs include 
the cost of grouting the contaminated well, and costs associated with installing 
replacement wells, if required. The cost of replacement wells is dependant upon the 
depth and location required. Monitoring costs include collecting samples, taking water 
level measurements, laboratory analyses costs, and validation and review of data. 
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Screenin~ Status. Deed restrictions will be utilized during remedial action because of 
their effectiveness in preventing dermal contact and ingestion with contaminated 
groundwater and surface water. Well closure will be retained as a potential remedy for 

contaminated wells on, and adjacent to, the Site. Monitoring will be retained to assess 
remediation effectiveness and maintain an understanding of future contaminant 
distributions on, and adjacent to, the Site. 

3.3.2 Groundwater Vertical Barriers 
Description. Soil-bentonite and cement-bentonite slurry walJs are under consideration 
for the Site. Soil-bentonite slurry wall trenches are excavated under a slurry of bentonite 
and water, and the trench is backfilled with soil materials mixed with a slurry of 
bentonite and water. Cement-bentonite slurry wall trenches are excavated under a slurry 
of Portland cement, bentonite, and water. The cement-bentonite mixture is left in the 
trench to harden. 

For the ACS Site, slurry walls would be keyed into the clay confining layer with an 
average depth of approximately 25. ft. The proposed slurry waU approaches are shown 
on Figure 3-2 and discussed in the effectiveness, implementability, and cost subsections 
of this section. Slurry walls could be used to impede groundwater flow into the Site to 
reduce the volumes of water to be pumped and the time required for pumping in 
dewatering efforts, and to allow dewatering of the contaminated source areas without 
l~wering the water level in the wetland areas west of the Site. 

Effectiveness. Slurry walls are the most common subsurface barriers because they are a 

relatively inexpensive means of vastly reducing groundwater flow in unconsolidated earth 

materials. The trench is excavated under a slurry which shores the trench to prevent 
collapse, and forms a filter cake on the trench walls to prevent high fluid losses into the 
surrounding ground. The filter cake also may provide additional reduction in 
permeability of the wall. Slurry walJs are effective for Site dewatering and groundwater 
containment. 

-

-

-
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For the Site alternatives utilizing groundwater dewatering, a slurry wall could aid in 
dewatering efforts by reducing the volume of water entering the contaminated zone. The 
slurry wall could also help to prevent dewatering the wetlands while the groundwater 
pumping system is in operation. Preliminary groundwater modeling indicates that about 
10ft vertical drawdown of the upper aquifer may be achievable without a slurry wall and 
without lowering the water table in the wetland areas (see Section 3.3.3 for more details 
pertaining to groundwater modeling at the ACS Site). 

The permeability of a soil-bentonite slurry wall is typically around to-7 to to-8 
centimeters per second (em/sec), and is capable of achieving to-9 em/sec. The 
permeability of a cement-bentonite slurry wall is normally around 10-6 em/sec. 
However, both types of slurry walls are subject to installation limitations, and higher 
permeabilities are sometimes found in the field. Permeabilities of to-6 em/sec, 4xto-6 
em/sec and to-5 em/sec were used for groundwater modeling. Cement-bentonite slurry 
walls are more susceptible to chemical attack than most soil-bentonite mixtures. 
However, bo~h types of slurry walls should be able to withstand chemical att~ck for the 
types and levels of contami~ation found at the Site. 

lmplementability. Slurry walls are proven for containing co_ntaminated groundwater and 
are therefore administratively feasible. Both types of slurry walls are technically feasible 
for the Site. Relatively flat topography at the Site is conducive to placement of soil-

. ' ''-----"' bentonite slurry walls which remain fluid after placement until the water content of the 
soil-bentonite backfill comes to equilibrium with the surrounding soil. Sandy soils at the 
Site would require bringing some clay materials to the Site for use in·the soil-bentonite 
backfill. Cement-bentonite walls do not require backfill, and set up relatively quickly 
due to the Portland cement. 

.Based on potential implementability issues, as well as the preliminary .results of -the 
groundwater modeling performed for the Site, four slurry wall construction alternatives 
are being considered which would either reduce the flow rates necessary to dewater the 
Site and co~tain the upper aquifer groundwater plume, or serve as containment for the 
residual contaminants in the source areas following treatment: · 

const·ructing a single slurry wall system around the entire perimeter of the 
contaminated areas to be treated (Figure 3-2a); 
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constructing two separate slurry wall systems; one around the perimeter of the 
On-Site areas, and the second around the Off-Site areas. The existing railroad 
tracks that run along the southern border of the ACS Site would be the dividing 
line between the two slurry wall systems (Figure 3-2b ); 

constructing three separate slurry wall systems, one around the perimeter of the 
On-Site Containment Area, a second around the Treatment Lagoon and Sti11 
Bottoms Areas, and the third around the Off-Site Containment and Kapica
Pazmey Areas (Figure 3-2c); and 

constructing a single slurry wall system dividing the Off-Site Containment Area 
from the Griffith Landfill (Figure 3-2d). 

The slurry wall system would not be built into the wetland areas, and would be 
constructed adjacent to the landfill. 

One slurry wall or two separate slurry walls could be utilized depending upon the 
feasibility of removing the railroad tracks between the on- and off-Site areas. One 
continuous slurry wall would be constructed around the entire area shown on Figure 3-2 
as a probable slurry wall area if groundwater modeling shows that the slurry wall would 
significantly reduce the flow rates needed to dewater the entire area, and it is feasible to 
remove the railroad tracks. Replacing the railroad tracks would be possible by 

I 

constructing a concrete cap where the slurry wall would cross the tracks. Two separate 
slurry walls surrounding the on- and off-Site areas shown on Figure 3-2 would be -......./ 
constructed if it is not feasible to remove the railroad tracks. Groundwater pumping 
rates should not be affected by the use of a two slurry wall or one continuous slurry wall 
system. ACS has indicated that it would need the railroad tracks for its continuing 
chemical manufacturing operations. The third slurry wall option would be used strictly 
to contain significant levels of residual contamination or buried waste in the source areas 
following treatment. It would not reduce the flow rates necessary to dewater the Site, 
nor contain the upper aquifer groundwater plume. Constructing a slurry wall between 
the Off-Site Containment Area and the Griffith Landfill would serve to hydraulically 
separate the two areas, and prevent the drawing of landfill leachate into the groundwater 
treatment system. 

-

.... 

-
-

-
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.,CQa Total costs for slurry walls are determined by the depth and length of the wall, and 
by the materials of construction for the wall. The depth and ease of excavation play a 
large part in the cost of the wall. For the· Site, the wall would be about '25 ft deep in 

relatively easy excavation conditions due to sandy soils with few boulders. Because the 
length of the two walled option is significantly greater than the length of the one wall 
option, it Will be more cost effective to build one wall. It is assumed that the potential 

problems with removing and replacing the railroad tracks can be overcome. For cost 
estimating purposes, the single wall option will be carried forward for the containment 
alternative. Constructing a slurry wall around the source areas or between the Off-Site 
Containment Area and the Griffith Landfill are independent options for alternatives that 

do not involve containment. The selection of these slurry wall options would be made 
independent of cost. Cement-bentonite slurry walls average over 30. percent higher in 

cost than soil-bentonite walls due to the cost of Portland cement. However, a soil

bentonite slurry wall at the Site would require clay materials from off-Site for use in the 
backfill reducing the cost difference between the two types of slurry walls. 

Screenin& Status. A soil-bentonite slurry wall system will be retained for detailed 
analysis in Section 4.0 because it offers the lowest permeability and the lowest 

installation cost of the types considered. Assessments relative to the feasibility of 
re~oving the railroad tracks and groundwater pumping are necessary to determine the 

'-----' best configuration of the wall at the Site. 

3.3.3 Groundwater Extraction/Collection 

Description. Extracti<?n/ collection of contaminated groundwater by extraction wells or 

pipe and n;tedia drains is under consideration for the Site. Extraction wells are used to 
pump groundwater collecting at individual points. Pipe and media drains consist of 
trenches backfilled with permeable material to ·allow accumulation of water in the 

trench. Perforated. pipe laid in the trenches leading to a pump allows dewatering of the 

trench. Since the Fire Pond is actually a part of the upper aquifer. system, it would also

be dewatered by the extraction well system. Following dewat~ring, the Fire Pond would 



Feasibility Study 
American Q\emical Services NPL Site 

June 22, 1992 
Pa~3-14 

then be backfilled with clean fill materials. A replacement water tank for fire fighting 
purposes would have to be provided. Extraction wells would be installed in the lower 
aquifer if a groundwater pump and treat system is required to treat contaminated 
groundwater from the lower aquifer. 

Computer modeling of groundwater extraction at the Site was conducted to determine 
potential pumping rates and dewatering capabilities in the upper aquifer, as well as the 
effect of constructing a slurry wall system on pumping rates and dewatering capabilities. 

The sensitivity of pumping rates and dewatering capabilities on input parameters such as 
aquifer and slurry wall permeabilities was also evaluated during the groundwater 
process. Appendix A contains a discussion of the model implementation. Extracted 
groundwater would be manifolded together and transferred to an on-Site treatment 
system or off-Site for treatment at the POTW. Additional data would need to be 
collected during the design phase to determine the volumes of water that would need to 
be pumped to prevent migration of contaminants within the lower aquifer. If pumping of 
the lower aquifer is required, it may be that the size of the treatment system may have to 
be increased. 

Effectiveness. Groundwater extraction effectively reduces the mobility of contaminants 
by eliminating the potential migration of Site contaminants. Treatment of source areas 

and contaminated groundwater further reduces mobility and also reduces toxicity of 
contaminants. 

Implementability. Groundwater extraction/collection is a proven method for 
dewatering. Technically, groundwater extraction/ collection appears to be feasible based 
upon the results of computer modeling presented in Appendix A. Modeling results 
indicate that a slurry wall around the Site reduces pumping rates and allows a greater 
lowering in the upper aquifer water level than without a slurry wall. Slight lowering of 
the wetlands may occur if a slurry wall is not used. For the modeling, permeabilities of 
to-6 em/sec, 4xto-6 em/sec, and to-5 em/sec were used to represent the slurry wall 
permeability. Fifteen to twenty fully screened extraction well groupings would be 
necessary to extract groundwater. 

-
-
-
-
-
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-
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The aquifer zone containing contaminants requiring remediation includes the ACS 
facility, the Off-Site Containment Area, the Kapica Area and areas downgradient of each 
of these areas (refer to Figure 3-1 for approximate locations of these areas). 
Groundwater modeling provided preliminary estimations of pumping rates and 
dewatering capabilities under various scenarios. With a slurry wall around these areas, 
and using the assumed perrneabilities and operating parameters discussed in Appendix 
A, the initial total pumping rate would be approximately 175 gallons per minute. After 
one year, the saturated thickness of the aquifer would be reduced from 10ft to about 4 
f~ and the extraction rate would be reduced to approximately 20 gpm. Without a slurry 
wall, the initial total pumping rate would be approximately 200 gpm. After one year, the 
saturated thickness of the aquifer would be reduced from 10 feet to about 5 feet, and the 
extraction rate would be reduced to approximately 80 gpm. 

Preliminary groundwater modeling was conducted to estimate the potential pumping 
rates from the lower aquifer. Initial estimates are that 100 gpm would be required to 
contain groundwater in the lower aquifer . 

..Qru. Pipe and media drains are considerably more expensive than extraction wells due 
to the need for excavation and backfill of a trench, as well as costs associated with the 
treatment of contaminated soils from the trench excavation. 

~, ScreeninK Status. Both extraction wells and pipe and media drains will be retained for 
detailed analysis due to their effectiveness and implementability. 

3.3.4 Treated Water Dischar~ 
3.3.4.1 Off-Site Dischar~e 
Description. For this option, treated groundwater would be piped to the sanitary sewer 
for transmittal to the local POTW. Process wastewaters, such as backwash water from 
ion exchange operations or condensate from steam stripping operatio~ may also be 
discharged to th~ sanitary sewer system. The local POTW, HamQlond Sanitary District, 
utilizes a conventional activated sludge treatment process. A 12-inch sewer line 
apparently runs by the Site with lateral connections from 'ACS process and. domestic 
waste streams. 
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Effectiveness. Discharge to the POTW is effective in preventing potential on-Site impact 
of contaminants remaining after treatment of contaminated groundwater. Some 
additional treatment of contaminants remaining in the treated groundwater is likely at 
the POTW. Conventional activated sludge treatment has been shown to remove a 
variety of contaminants found at the Site, including BETX, chloroethanes, and 
phthalates. Refer to Section 3.4.3 for more details pertaining to typical municipal 
POTW effectiveness. According to the U.S. EPA, the Hammond Sanitary District has a 
history of problems associated with its pre- and post-treatment programs. This could 
impact the ability to have this accepted as an option. 

Implementability. Preliminary correspondence with Mr. Jeffrey Massey, Pretreatment 
Coordinator for the Hammond Sanitary District, indicates that they would be willing to 
accept the discharge from a groundwater pump and treat system provided contaminant 
levels meet or exceed existing industrial waste discharge requirements. The Hammond 
POTW has sufficient capacity to accept the additional hydraulic loading. ACS is 
currently regulated under the Categorical Standards for Specialty Organic Chemicals, 40 
CFR 414(H), and has been granted an Industrial Waste Discharge Permit by the City of 
Hammond with specific limitations for pH (5.0-1,1.5) phenols (0.5 mg/L), toluene (0.074 
mg/L), and 1,2-dichloroethane (0.574 mg/L). Mr. Massey has indicated that a 
groundwater pump and treat system at the Site would be subject to the most stringent of 
criteria listed in the City of Hammond, Indiana Industrial Waste Ordinance No. 4996 
and the U.S. EPA pretreatment standards. If sufficient hydraulic capacity is not 
available in ACS's existing main sanitary sewer lines, additional 12-inch piping runs 
would have to be installed to handle effluent from the groundwater treatment system. 

~ Discharge to the POTW offers the lowest capital cost of available discharge 
options at the Site. Capital costs include piping and connection to the existing sanitary 
sewer, and potential permitting costs. Operation and maintenance costs are higher for 
discharge to the POTW than for the other alternatives due to charges for flow volume. 
Other operation and maintenance costs include monitoring. 

-....../ 

-
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Based on a preliminary correspondence with the Hammond Sanitary District, the 
following users fees would apply to discharge to the sanitary sewer system: 

$1,000 per year annual permitting fee; 
$1.20 per thousand gallons users fee. An annual users fee of approximately 
$126,000 would be required if a continuous flow rate of 200 gpm is assumed; 
$4.71 per 1~ pounds of biological oxygen demand (BOD) over 220 .mg/L. 
Effluent from an on·Site groundwater treatment system would not be expected 
to exceed this level; and 
$5.88 per 100 pounds of total suspended solids (TSS) over 260 mg/L. Effluent 
fr~m an on·Site groundwater treatment system would not be expected to 
exceed this level. 

Screenin& Status. Discharge to the POTW is retained for detailed analysis due to its 
effectiveness and apparent implementability feasibility. 

3.3.4.2 On·Site Dischar&e 
Description. Four potential on-Site discharge options appear feasible for the Site. All of 
the discharge options result in ultimate .discharge of treated groundwater to Turkey 
Creek. The first option involves piping the treated groundwater to the drainage ditch 

·----- north of the Site. The second option involves piping the ireated groundwater directly to 
Turkey Creek or one of its Tributaries. The third option involves reinjection of treated 
groundwater in conjunction with in·situ biological treatment or as part of an aggressive 
pump and treat system to reduce the timeframe for operation of the groundwater system. 
The fourth involves discharge of treated groundwater to the wetlands west of the Site. 

Effectiveness. The first two on-Site discharge options effectively convey the treated 
groundwater away from the contaminant source. The first option involves discharge to 
an intermittent ditch that flows through the wetland areas west of the Site and eventually 

. discharges to Turkey Creek. This may be· desirable to allow reinfiltration of treated 
groundwater into the wetland areas to minimize impact t~ the wetland areas. Some of 
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the available treatment alternatives (e.g., biological) work more efficiently if treated 

groundwater is allowed to reinfiltrate into the. upper aquifer. The second alternative 

carries treated groundwater away from the wetland areas directly to a flowing body of 
water. If in-situ biological treatment of groundwater is performed or an aggressive 

approach to groundwater pump and treat is taken, treated groundwater would be 
reinjected into areas of aquifer contamination to enhance contaminant removal 
achievable by groundwater flushing. Reinjection of treated groundwater could enhance 

the flushing of adsorbed contaminants from either the vadose zone or upper aquifer, as 
well as serve as a means to minimize damage to Site wetlands due to direct surface 
discharge or dewatering. 

Discharge of treated groundwater to the wetlands has several potential advantages. 

Discharge to the wetlands would prevent dewatering of the wetlands by pump and treat . 
systems. Also, the discharge of treated water could be used to flush residual levels of 
contaminants from sediments in the wetlands and along the drainage ditches to Turkey 
Creek. Hydrophobic or pH dependent contaminants (e.g., Phthalates) may not be 

flushed from wetland and Turkey Creek sediments as a result of discharging treated 
groundwater. Discharge of treated water could also enhance biological activity in the 
wetlands to further reduce potential residual levels of contaminants. Discharge of 
treated groundwater to the wetlands could be potentially detrimental if the hydrologic 
balance is radically altered. This might result in many species of plants and animals 
being eliminated or stressed by introducing a current or increasing water volume. 

Discharge would therefore have to be carefully controlled to prevent impacting existing 

plants and animals. Groundwater extraction associated with the pump and treat system 

would not be expected to affect wetlands hydrology based on modeling results presented 
in Appendix A 

Implementability. Preliminary correspondence with IDEM indicates that the first two 
and fourth discharge options are implementable depending upon the circumstances and 
available options. An NPDES permit would be required for these options. NPDES 

permitting requirements are well established and administratively feasible. Applicable 
ARARs would have to be met in order to reinject treated groundwater. 

-
-
-

-
-
..... 

-
-
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.CQs1, The first and fourth options involve capital costs for piping to the discharge point 
and minimal operation and maintenance costs. Discharge to the northern drainage ditch 
would require less piping than discharge directly to Turkey Creek be~use the location of 
discharge is in much closer proximity to any potential location of a treatment system. 
Operation and maintenance costs would be limited to monitoring for compliance. 
Reinjection would involve significantly higher capital and O&M costs since injection 
wells and/or infiltration galleries would have to be installed. 

Screenin~ Status. All four of the on-Site discharge options will be retained for detailed 
analysis due to their effectiveness and implementability feasibility. 

3.3.5 Buried Waste and Soil Access Restrictions 
Description. Access restrictions include deed restrictions and fencing. Deed restrictions 
were described in Section 3.3, so the discussion here (including effectiveness, 
implementability, cost, and screening status) will only include fencing. Warning signs 
could be included as a method of access restriction to the wetlands area where fencing 
may be difficult. 

Fencing could potentially be included as a part of every alternative except no action. 
The on-Site portions of ACS are currently enclosed by a fence, and the perimeter of the 

'~ off-Site areas is vegetated with trees and brush; therefore, additional fencing would be 
r 

necessary to provide further restriction of the Site. Containment alternatives would 
utilize fencing as a primary mechanism for preventing contact with contaminated source 
areas. Additional fencing would be constructed around the off-Site contaminant source 
areas as part of containment alternatives. Other alternatives would utilize fencing as a 
secondary measure to contain treatment system equipment. 

Effectiveness. Fencing designated areas would aid in reducing the incidences of 
trespassing, thus decreasing the risk associated with dermal contact of contaminants. 
The quality of fence plays a direct role in the reduction of risk attainable. 
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Implementability. Fencing is easily implementable administratively and technically. If 
practical, fences would be placed before any other remedial action takes place. 
Otherwise, they would be installed as soon as remediation progressed to the point that 
fencing would not interfere with the remedy. 

.Q2s.t The primary costs of fencing are dependant upon the height, type and length of 
fence installed. Substantially increasing the cost of a fence may not equally increase the 
effectiveness in preventing trespassers. 

Screening Status. Fencing will be retained for detailed analysis due to its ability to 
prevent trespassers from directly contacting contaminants.· 

3.3.6 Buried Waste and Soil Containment 
3.3.6.1 Cappini 
Description. A multimedia RCRA cap, a clay-soil cap, and an asphalt cap are under 
consideration for the Site. See Section 2.5.4.1 for a description of the construction of the 
different types of caps. Use of a cap for the Site would be based on the need to prevent 
precipitation infiltration as part of the treatment alternative. In most areas, caps are not 
appropriate because rainfall infiltration is used as part of the treatment of contaminated 
soils or waste. In such cases, a permeable soil cover would be provided to prevent direct 
contact with contaminated soils or waste. 

, Effectiveness. A multimedia RCRA cap provides the greatest reduction of infiltration 
due to the flexible membrane liner and sand drainage layer. The quality of installation 
(i.e., sealing seams, preventing punctures) of the virtually impermeable flexible 
membrane liner is the limiting factor of the multimedia RCRA type cap. Asphaltic 
concrete typically exhibits low permeabilities and is capable of achieving a permeability 
less than to-9 em/sec when sealed. Asphalt caps are most commonly used for areas 
requiring vehicular traffic. Soil-clay caps can achieve permeabilities as low as to-6 
em/sec depending upon the type of clay and degree of compaction. The effectiveness of 
all caps is dependant upon proper upkeep and care. .Clay-soil and multimedia covered 
with a natural shallow rooted type of vegetation provide an additional reduction in 
infiltration because of evapotranspiration. 

-
-
-
-

-
-
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. . 
lmplementability. Ail three of the caps under consideration for the Site are both 
technically and administratively feas_ible. Capping is a proven technology for reducing 
infiltration into contaminated areas. Capping of some areas of the Site could be 
implemented as part of every alternative except in-situ treatment of buried waste, soil, 
and _groundwater and excavation and treatment of buried waste and soil (see Table 2-3). 
The operating portion of the ACS facility would require an asphalt cap because a clay
soil or multimedia cap would be too thick and difficult to install around existing buildings 
and tank farms. Any type of cap could be placed over the Off-Site areas . 

..cru.t Multimedia caps are significantly more expensive than asphalt or clay-soil caps 
because of the synthetic membrane and increased volumes of materials required. 

Screenine Status. A multimedia and asphalt cap combination is retained for use in the 
containment alternative due to its reduction in infiltration to the contaminated soils. 
Either asphalt or clay-soil capping may be utilized for alternatives where treatment will 
be employed because of the high costs associated with a multimedia cap. Asphalt would 
be utilized in areas within ~e ACS facility where manufacturing operations are expected 
to continue. Clay-soil caps would be used in all other areas. The selection of a capping 
approach will be dependent on specified ARARs for the Site. 

3.3.6.2 Syrface Stabilization 
Description. As discussed in Section 2.0, surface stabilization will be considered in . 
conjunction with other technologies as a short-term solution. Grading and regrading will 
be used during remedial action and for future Site maintenance to control the landscape 
and prevent erosion. Vegetative cover·wiU be established and maintained over any areas 
receiving a clay-soil cap or a multimedia cap. Dust control methods will be considered 
during remedial action when the potential for dust emissions is substantially increased. 
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Effectiveness. Grading and regrading when necessary would eliminate depressions 
formed through differential settlement and compaction, and can be used to repair 
slumped or badly eroded slopes. Vegetative cover reduces the potential for erosion, and 
can be used to upgrade the appearance of the Site. Vegetative cover reduces infiltration 

of water through evapotranspiration. Dust control measures provide an effective means 

for temporary control of fugitive dust emissions. 

Implementability. Surface stabilization measures are easily implementable both 

-
-

technically and administratively. Dust control and grading would be implemented during -
remedial action, and vegetative support would be implemented after remedial action is 

complete. Maintenance of the Site would include use of surface stabilization ·....-1 

technologies. 

~ Surface stabilization measures are generally low cost methods of preventing 

erosion and dust emissions. 

Screening Status. Surface stabilization will be retained for detailed analysis due to their 
low cost and effectiveness. 

3.4 Groundwater and Surface Water Remedial Tecbnoloeies 

3.4. 1 Direct Treatment On-Site 
3.4.1.1 Biological Treatment. 

Description - A brief discussion of aerobic and anaerobic biological degradation is 

presented in Section 2.4.3.1. The function of biological treatment is to remove organic 

matter from the waste stream through microbial degradation. Microbial metabolic 

activity can be classified into three main categories: aerobic respiration, in which oxygen 

is required as a terminal electron acceptor; anaerobic respiration, in which carbon 

dioxide, sulfate or nitrate serves as the terminal electron acceptor; and fermentation, in 
which the microorganism rids itself of excess electrons by exuding reduced organic 

compounds. Aerobic biological treatment is presently more prevalent than anaerobic. A 
number of biological treatment processes exist which may be applicable to the treatment 

of aqueous wastes, including conventional activated sludge, various modifications of 

activated sludge, rotating biological disks and trickling filters. 

-
.... 

-
-
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Effectiveness --Biological treatment of groundwater reduces the toxicity of organic 
contaminants by convertiQg them to non-toxic compounds. Volatilization is believed to 
be the primary removal mechanism for chlorinated compounds such as 1,1, 1-
trichloroethane, trichloroethene and 1,2-dichloroethanes in typical aerobic treatment 
systems, which does not represent a reduction in toxicity as a result of treatment. 

Figure 3-3 presents a summary of organic groups subject to biodegradation (U.S. EPA, 
1985), while Figure 3-4 presents BOD/COD ratios for various organic compounds 
(Lyman, 1982). Ratios of BOD/COD have been used as an indicator of potential 
aerobic degradation. Excluding the inorganic metals, chlorinated methanes, chlorinated 
ethanes and chlorinated ethenes, the remaining chemical groups of concern are 
potentially amenable to aerobic biological treatment. The BETX compounds, 
chlorinated benzenes, chlorinated methanes, chlorinated ethanes and chlorinated 
ethenes are potentially amenable to anaerobic biological treatment. Recent research 
(Nelson, 1987 as referenced in Thomas, 1989) has sho~ the potential for aerobic 
degradation of trichloroethene and other chlorinated compounds by an aromatic 
. ' 

pathway in the presence of phenol, toluene or cresol. White rot fungus has been found 
to aerobically degrade several refractory compounds such as PNAs with more than two 
to three benzene rings, PCBs and chlorinated phenols. Inorganic metals would not be 
amenable to biological treatment. 

Removal efficiencies and degradation rates for individual compounds are dependent on 
the chemical matrix and concentrations, as well as the design parameters of the 
biological treatment system. The use of properly selected or engineered microbial 
populations, maintained under environmental conditions most conducive to their 
metabolic activity (e.g., oxygen concentration, nutrient addition, etc.), can be an 
important means of biologically degrading refractory compounds. Biological 
degradation is often enhanced through acclimation of the microbial population to the 
chemical matrix to be treated or by cometabolism mechanisms. 
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lmplementability - Aerobic and anaerobic biological treatment are proven technologies 
for industrial wastewaters and contaminated groundwater. Biological treatment is 
applicable to aqueous wastes up to approximately 4,000 mg/1. Based on existing 
groundwater data for the ACS Site, organic contaminant concentrations should be well 
below this level and, therefore, not toxic to microorganisms used in biological treatment. 
Aerobic degradation processes are used more often than anaerobic because the 
degradation process is generally more rapid and complete. As mentioned previously, 
several chlorinated compounds present in the groundwater at the ACS Site may not be 

-
-

amenable to aerobic treatment, and would subsequently be volatilized to the atmosphere -
during the treatment process. 

The complexity of the organic contaminant matrix present at the ACS Site would likely 
require either the biological treatment system to include both aerobic and anaerobic 
treatment reactors, the development of a cometabolism mechanism that would 
effectively treat the entire matrix, or the use of a carbon adsorption secondary treatment 
process option to remove contaminants not amenable to aerobic biological treatment. 
Even though most of the organic compounds are amenable to some form of biological 
treatment, the design conditions for optimal removal efficiencies and degradation rates 
for individual compounds would be different. Because of this, the degree of treatment 
for individual compounds would vary depending on the design conditions of a given 
treatment system. Treatability studies would be required to evaluate a range of design 
conditions and treatment processes in order to optimize the removal efficiencies and 
degradation rates for the organic contaminant matrix present in the groundwater at the 
ACS Site. 

Biological treatment has significant operator supervision requirements. The handling 
and disposal of wastewater treatment sludge would also be required. 

Cost - Order-of-magnitude capital and operational costs for biological treatment are 
presented in Table 3-5. Biological treatment costs are not significantly greater or less 
than other relellant groundwater treatment methods. 

-
-
-
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ScreeninJ Status - Because of its ability to convert organic compounds to non-toxic 
compounds, as well as its potential applicability for treating all of the organic chemical 
groups of concern, tbe biological treatment process option has been retained for 
alternatives development and detailed analysis. 

3.4.1.2 Chemical Precipitation. 
Description - Chemical precipitation is a pH adjustment process where acid or base is 
added to a solu~on to adjust the pH to a point where the constituents to be removed 
have their lowest solubility. Metals may be precipitated from solution as hydroxides, 
sulfides, carbonates or other insoluble salts. Hydroxide precipitation with lime is most 
common, while sodium sulfide is sometimes used to achieve lower effluent metal 
concentrations. Solids separation is achieved using standard flocculation/coagulation 
techniques. 

Effectiveness - Chemical precipitation is potentially applicable for removing all of the 
inorganic metals detected in the groundwater at the ACS Site. For the most part, 
chemical precipitation is not capable of selectively removing specified metals. Since 
chemical precipitation is not capable of treating any organic compounds, it would be 
used strictly as a pretreatment step in conjunction with a primary organic treatment 
process option. 

'--- lmplementability - Chemical precipitation is a proven technology for metals removal 
from industrial wastewaters and contaminated groundwater. One of the limitations of 
chemical precipitation is the fact that all metals do not have a common pH at which they 
precipitate. A multi-stage removal process at varying pH levels would m~st likely be 
required to treat the groundwater at the ACS Site. Chemical precipitation is typically 
used to treat wastewaters with metal levels significantly higher than those detected in the 
groundwater at the ACS Site. Treatability studies would be required to optimize the 
removal efficiencies of the inorganic metals matrix present in the groundwater at the 
ACS Site. 

Chemical precipitation has significant operator supervision requirements. The handling 
and disposal of generated wastewater treatment sludge may trigger RCRA ARARs for 
hazardous waste generation and storage. 
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~ - Order-of-magnitude capital and operational costs for chemical precipitation are 
presented in Table 3-5. Because of the costs associated with chemical usage and sludge 
disposal, chemical precipitation operational costs are significantly higher than 
operational costs associated with ion exchange. 

Screening Status - Based on the ACS groundwater data, chemical precipitation is not 
expected to be a cost effective treatment option. Ion exchange offers comparable 

-
-

treatment effectiveness and significantly lower operational costs. Chemical precipitation -
has not been retained as a pretreatment alternative or for detailed analysis. It would 
only be retained if ion exchange is proven incapable of adequately treating the metals "-" 
levels present in the groundwater. 

3.4.1.3 UV /Oxidation. 
Description - A brief discussion of UV /oxidation is presented in Section 2.4.3.2. UV 
light enhances oxidation of organic contaminants in water. Many organic contaminants -
undergo a change in chemical structure or become more reactive to chemical oxidants by 
absorbing UV light. Ozone or hydrogen peroxide are typically used as oxidizing agents. 
The end products of the complete oxidation of organic compounds are typically carbon 
dioxide and water. 

Effectiveness - UV /oxidation of groundwater reduces the toxicity of organic 
contaminants by converting them to non-toxic compounds. Based on a review of 
available vendor literature, all of the organic chemical compound groups of concern are 
potentially amenable to UV /oxidation treatment. Inorganic metals would not be 
amenable to UV /oxidation treatment. Significant percentages of VOCs (5 to 75%) 
which are less susceptible to oxidation have been found to be stripped out of the 
groundwater by ozone and transferred into the vapor phase. Present data indicates that 
stripped VOCs are thermally destroyed as part of the ozone off-gas treatment system 

which can be included with UV /oxidation units (U.S. EPA, November 1989). 

-
-
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Results of a March 1989 U.S. EPA Superfund Innovative Technology Evaluation (SITE) 
demonstration showed minimal reductions in groundwater total organic carbon (TOC) 
levels following treatment by UV /oxidation. The TOC results would suggest that 
incomplete oxidation of the organic compounds had occurred. However, contaminants 
comprised only 2% of the TOC, thus making a statistical comparison difficult. 
Incomplete oxidation could result in the generation of intermediate compounds that are 
as toxic, or more toxic, than the corresponding parent compounds. 

Implementability- UV /oxidation has been used on full scale groundwater cleanups at a 
limited number of sites in the last few years. Groundwater contaminant matrices similar 
to the ACS Site have been reported to be successfully treated using UV /oxidation based 
on vendor c~e studies. To date, it has only been used on pilot scale studies at CERCIA 
Sites as part of the SITE program. Vendor availability of UV /oxidation is limited. 

Because of its recent development for use in full scale groundwater remediations, limited 
data exists to evaluate the applicability of treating the organic compound matrix present 
in groundwater at the ACS Site. Pilot studies would be required to evaluate the 
treatment potential of UV /oxidation, as well as to optimize the· necessary design 
parameters (e.g., i~uent concentrations, UV and peroxide or ozone· dosages). A carbon 
adsorption secondary treatment system may be required following the UV /oxidation 
operation in order to remove organic compounds not amenable to UV /oxidation 
treatment. 

~-Order-of-magnitude capital and operational costs for UV /oxidation are presented 
in Table 3-5. UV /oxidation costs are not significantly greater or less than other relevant 
groundwater treatment methods. 

' 

Screenin~ Status - Because of its ability to conv~rt organic compounds to non-toxic 
compounds, as well as its potential applicability for treating all of the organic chemical 
groups ofconcern, the UV /oxidation treatment process option has been retained for 
alternatives development and detailed analysis. 
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Description - A brief discussion of air stripping is presented in Section 2.4.3.3. Air 

stripping is usually accomplished in a packed tower equipped with an air blower. The 

packed tower works on the principle of countercurrent flow. The water stream flows 

down through the packing, while the air stream flows upward. Volatile components have 

an affinity for the gas phase and tend to diffuse from the liquid phase to the gas phase. 

Factors important in the removal of organics from wastewater via air stripping include 

temperature, pressure, air to water ratio and surface area available for mass transfer. 

Air to water volumetric ratios typically range from 10:1 up to 300:1. 

Effectiveness - Air stripping of groundwater transfers organic compounds to the air 

phase. The toxicity of organic compounds is reduced by dilution in clean air. If vapor 

phase treatment is used, however, the destruction of organics as a result of treatment or 
the spent carbon regeneration process would result in an overall toxicity reduction of 

contaminants present in the groundwater. 

Compounds with dimensionless Henry's Law constants in excess of 0.003 (.0001 atm
m3 /mole) are amenable to air stripping. Based on this criteria and the Henry's Law 

constants for the target compounds presented in Table 3-1, the BETX compounds, 

chlorinated methanes, chlorinated ethanes, chlorinated ethenes, chlorinated benzenes, 

naphthalene and its derivatives and PCBs are amenable to air stripping. The phthalates, 

ketones, phenols, ethers, benzoic acid and inorganic metals would not be amenable to air 

stripping. Desired removal efficiencies are achieved by either increasing the column 

height or the air to water ratio of the stripping ~::olumn. 

Implementability - Air stripping is a proven technology for the treatment of 

contaminated groundwater. It is applicable to aqueous waste streams up to 

approximately 100 mg/1. If VOC concentrations exceed approximately 100 mg/1, steam 

stripping is usually more cost effective. Based on the present groundwater data for the 

ACS S~te, influent organic compound concentrations would be expected to exceed 100 

mg/l. Therefore, air stripping alone may not be able to achieve the desired removal 

-
-

-

-
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efficiencies in a cost effective manner. Dilution of influent groundwater from off-Site or 
lower aquifer pumping, however, may occur since contaminant concentrations in these 
areas are significantly lower. 

A carbon adsorption secondary treatment system would likely be required following the 
. air stripping operation to remove the organic compounds not amenable to air stripping. 

A pilot study would be necessary to more accurately determine influent concentrations 
and contaminant removal efficiencies. A vapor phase treatment system would be 
required if VOC air emission ~ARs are exceeded. 

~ - Order-of-magnitude capital and operational cos~ for air stripping are presented in 
Table 3-5. Air stripping costs are not significantly greater or less than other relevant 
groundwater treatment methods. 

Screenin& Status - Because of its proven effectiveness in full scale groundwater 
remediations at both CERCLA and non-CERCLA Sites, as well as its relative cost 
effectiveness, the air stripping process option has been retained for alternatives 
development and detailed analysis. 

3.4.1.5 Steam Strippin2. 
Description - Steam stripping uses steam to evaporate organic compounds from aqueous 
wastes. It is essentially a continuous fractional distillation process carried out in a 
packed or tray tower. The formation of minimum boiling azeotropes between steam and 
numerous orga·nic compounds reduces the energy requirements of the separation 
process. The organic vapor/steam mixture is condensed. This concentrated mixture can 
be further separated, if necessary, prior to reuse or disposal. 

Effectiveness - Steam stripping of groundwater concentrates the organic contamination 
for off-Site disposal. The toxicity of the contaminants would be reduced if a destructive 
treatment method (e.g., incineration, secondary fuel blending) is utilized for the off-Site 
disposal of the condensate waste stream. 
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Compounds with boiling points less than lSOOC are generally amenable to steam 
stripping. Based on this criteria and the boiling points for the target compounds 

presented in Table 3-1, BETX compounds, chlorinated methanes, chlorinated ethanes, 

chlorinated ethenes and volatile ketones would be amenable to steam stripping. 
Chlorinated benzenes, naphthalene and its derivatives, PCB, phthalates, phenols, ethers, 

benzoic acid, isophorone and inorganic metals would not be amenable to steam 
stripping. Desired removal efficiencies are achieved by increasing the column height of 

the stripping column. 

Imp1ementability - Steam stripping is a proven technology for industrial wastewaters and 

contaminated groundwater. It is applicable to aqueous waste streams ranging from less 

than 100 mg/1 to about 10% organics. Based on the present groundwater data for the 
ACS Site, influent organic compound concentrations would be expected to exceed 100 
mg/1. If these maximum VOC concentrations are encountered in influent water, steam 

stripping may be more cost effective than air stripping with vapor phase carbon 
adsorption. A pilot study would be required to more accurately determine influent 
concentrations. A carbon adsorption secondary treatment system would likely be 
required following the steam stripping operation in order to remove organic compounds 
not amenable to steam stripping. 

Utilization of a steam stripping system would most likely require the construction and 
installation of a steam supply source (e.g., boiler). Even though ACS operates on-Site _, 

boilers for use in its processes, it cannot be assumed that this steam supply source would 

be available to future remedial action activities. Since the resulting condensate would 

require off-Site disposal, this process option would trigger relevant RCRA hazardous 

waste generator and storage ARARs. 

Cost - Order-of-magnitude capital and operational costs for steam stripping are 

presented in Table 3-5. Because of the need to construct and install a steam supply 

source, the capital cost for steam stripping is significantly greater than that for other 
relevant groundwater treatment methods. 

-

-

-

-
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Screenini: Status - Because other groundwat~r treatment process options offer 
comparable treatment effectiveness at lower capital costs, the steam stripping process 
option has not been retained for alternative development and detailed analysis. 

3.4. 1.6 Activated CarbOn Adsorption. 
Description - A brief discussion of activated carbon adsorption is presented in Section 
2.43.3. Activated carbon adsorption is typically used to to treat dilute single phase 
aqueous organic wastes containing compounds with high molecular weights and boiling 
points and low solubilities and polarities. 

Effectiveness - The destruction of organics as a result of the spent carbon regeneration 
process would result in an overall toxicity reduction of contaminants present in the 
groundwater. All of the organic compounds detected at the ACS Site, as well as some of 
the i11organic metals, are amenable to activated carbon adsorption. Adsorbability of a 
compound is usually favored by the following: 

increasing molecular weight; 
decreasing solubility and I;IOlarity; 
decreasing carbon branchmg; and 
increasing aromaticity. 

Limitations to the use of activated carbon adsorption are usually related to the 
economics associated with carbon usage. Table 3-1 presents various physical parameters 
for the target compounds that can be used to evaluate adsorbability potential and carbon 
usage requirements. These parameters include molecular weight, solubility, 
octanol/water coefficient (log Kow) and activated carbon/water distribution coefficient 
(log Pac). The log Pac is defined as follows: 

log Pac = log (x/m)/c (Verscheuren, 1983) 

where: xfm = mg contaminant/kg activated carbon 
c = unadsorbed concentration of substance left in solution 
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Based on the above criteria, the chlorinated benzenes, phthalates, PCBs, naphthalene 
and its derivatives and tetrachloroethene would be the most amenable to carbon 
adsorption and require the least carbon usage. The BETX compounds, chloroethanes, 
chloroethenes, phenols, ethers, chloroform and benzoic acid would be less amenable to 
activated carbon adsorption with moderate carbon usage requirements. The ketones, 
chloromethanes and vinyl chloride would be the least amenable to activated carbon 
adsorption and have high carbon usage requirements. Desired removal efficiencies are 
achieved by operating multiple carbon adsorption units in series. 

Implementability - Activated carbon adsorption is a proven technology for the treatment 
of contaminated groundwater. It is applicable to aqueous waste streams with TOC 
concentrations up to 10,000 mg/1 with suspended solids less than 50 mg/1. Based on the 
present groundwater data for the ACS Site, influent organic compound concentrations 
and suspended solids would be expected to be below these levels. A pilot study would be 
required to more accurately determine influent concentrations. Since inorganic metals 
can compete for activated carbon sites and increase carbon usage requirements, a metal 
removal pretreatment step would likely be required. The handling of spent carbon 
would trigger relevant RCRA hazardous waste generator and storage ARARs. 

Cost - Order-of-magnitude capital and operational costs for activated carbon adsorption 
are presented in Table 3-5. The operational costs for activated carbon adsorption· are 
significantly greater than those for other relevant groundwater treatment methods. 

Screening Status - Since other groundwater treatment process options offer comparable 
treatment effectiveness at lower operational costs, the activated carbon adsorption 
process option has not been retained for alternatives development and detailed analysis. 
It will be retained as a secondary process option for other primary organic compound 
treatment process options as part of a treatment train because of its ability to treat all of 
the organic chemical groups of concern, as well as some inorganic metals. 

-
-

-

-

-

..... 

-



3.4.1.71on Exchanee. 

Feasibility Study 
American Chemical Services NPL Site 

June 22, 1992 
Page 3-33 

Description - A brief discussion of ion exchange treatment is presented in Section 2.4.3.3. 
After a critical relative concentration of recoverable ion to exchanged ion is exceeded, 
the exchange resin becomes spent and must be regen~rated by backflushing·with a 
concentrated acid, base or brine solution. Spent resin and regenerating solution require 
either recycling or disposal. 

Effectiveness - Ion exchange is potentially applicable for removing all of the inorganic 
metals detected in the groundwater at the ACS Site. For the most pait, ion exchange is 
not capable of selectively removing specified metals. Since ion exchange is not capable 
of treating organic compounds, it would be used strictly as a secondary pretreatment step 
prior to a primary organic compound treatment process opti0111. 

tmplementability - Ion exchange is a proven technology for metals removal from 
industrial wastewaters and contaminated groundwater. Concentrated waste streams with 
removable metal levels in excess of approximately 25,000 mg/1 are usually treated in a 
more cost effective manner by chemical precipitation. Based on the present 
groundwater data, the levels of removable metals would be expected to be amenable to 
ion exchange treatment. However, as mentioned above, ion exchange is not selective in 
its removal of metals. If inorganic metals not requiring treatment interfere with the ion 
exchange process, the total inorganic metals levels may be high enough where chemical 
precipitation would become more cost effective. A pilot study would be required to 
evaluate the influent inorganic metal concentrations, removal efficiencies and 
regeneration requirements. Hazardous waste generation and storage ARARs may be 
ap~licable to the off-Site disposal of regenerating solution. 

~ - Order-of-magnitude capital and operational costs for ion exchange treatment are 
presented in Table 3-5. Ion exchange operational costs are significantly lower than 
operational costs associated with chemical precipitation. 
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Screenin~: Status - Because of its lower operational costs than chemical precipitation 
based on present groundwater data, the ion exchange treatment process option has been 
retained for use as a pretreatment alternative and for detailed analysis. 

3.4.2 Off-Site Treatment 
Description - Off-Site treatment would consist of the collection and conveyance of 
groundwater and surface water to the Hammond POTW for treatment in its municipal 
sewage treatment plant operation. A description of the Hammond POTW's treatment 
system is presented in Section 3.3.4.1. 

Effectiveness - Eckenfelder (1989) presents a comparison of removal mechanisms for 
various priority pollutants in activated sludge treatment systems. While BETX 
compounds, methylene chloride, chloroform and carbon tetrachloride have reported 
removal efficiencies in excess of 95% by activated sludge treatment systems typical of 
municipal POTWs, 5% to 50% removal can be attributed to volatilization a.S opposed to 
aerobic degradation. Volatilization is believed to be the predominant removal 
mechanism for chlorinated compounds such as 1,1,1-trichloroethane, trichloroethene, 
1,2-dichloropropane, 1,2-dichloroethane, trichloroethane, 1,2-dichloropropane, 1,2-
dichloroethane and 1, 1,2,2-tetrachloroethane treated within activated sludge systems 
typical of municipal POTWs. Volatilization of VOCs from municipal POTW treatment 
systems does not represent a reduction in their toxicity as a result of treatment. 

Implementability - The feasibility of discharging contaminated groundwater and surface 

water from the ACS Site to the Hammond POTW was discussed with the pretreatment 
coordinator for the Hammond POTW. Even though the increased hydraulic loading 

does not appear to be an issue, it is, not likely that the organic contaminant levels would 
meet any pretreatment standards imposed by the POTW. It is likely that approval to 
discharge to the POTW would require prior treatment operations. A more detailed 

discussion of the Hammond POTW's pretreatment requirements is presented in Section 
3.3.4.1. 

Cost - Users fees associated with the direct discharge of groundwater to the Hammond 
POTW would be less than capital and O&M costs associated with on-Site treatment. 

-
-
-
-
-

-

-

-
-
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Screenini Status - Because of the likelihood that organic compound levels in 

groundwater at the ACS Site would exceed pretreatment standards imposed by tbe 

Hammond POTW, off-Site disposal of groundwater and surface water has not been 

retained for alternative development and detailed analysis. It has been retained 

previously as a discharge alternative for groundwater treated on-Site. 

3.4.3 In-Situ Treatment 

3.4.3.1 In-Situ Biolo~cal Treatment. 
Description - Brief discussions of aerobic and anaerobic biological degradation are 

presented in Sections 2.4.3.1 and 3.4.1.1. In-situ biological treatment of contaminated 

soils and groundwater involves treatment without soil excavation or the off-Site 

discharge of treated groundwater. These systems typically use aerobic processes and 

involve the addition of oxygen and inorganic nutrients to stimulate naturally occurring 

microorganisms to degrade the organic contaminants. Oxygen is usually added in the 

form of air, pure oxygen or hydrogen peroxide. Hydrogen peroxide addition has been 

found to be the most effective at providing required oxygen concentrations in a cost 

effective manner. Oxygen and nutrients can be provided to the groundwater through the 

use of injection wells, or added to groundwater extracted from downgr-adient recovery 
I , 

wells at the surface for subsequent reinjection upgradient. Soil in the unsaturated zone 

can be treated by using recharge trenches at the surface toh-einject treated groundwater . 

... 
Effectiveness - A discussion of the effectiveness with respect to contaminants present in 

the groundwater a~d surface water at the ACS Site is presented in Section 3.4.1.1. 

Incomplete degradation of organic contaminants could result in the generation of 

transformation products that are as toxic, or more toxic, than the parent compounds. 

Implementability - In-situ biological treatment has been used on full scale groundwater 

cleanups at a limited number of sites in the last few years. To date, its application at 

CERCLA Sites has been limited to simple contaminant matrices and petroleum 

derivative compounds. As mentioned previously, several of the chlorinated compounds 

may not be amenable to aerobic treatment. The complexity of the organic contaminant 

matrix present at the ACS Site would likely require treatment to occur under both 



Feasibility Study 
American Chemical Services f\.'PL Site 

June 22, 1992 
Page 3-36 

aerobic and anaerobic (i.e., reduction potential-250 mv or less) environments in order to 
effectively treat the entire contaminant matrix. Anaerobic conditions can be created by 
flooding without oxygen injection or the addition of excessive amounts of easily 
biodegradable organic matter to use up available oxygen. Creating anaerobic a,quifer 
environments has not been achieved in a full scale groundwater cleanup to date. 

Another implementability issue with in-situ biological treatment has been the ability to 
uniformly distribute oxygen and nutrients to the subsurface environment. Permeability 
of the soils in the unsaturated and/ or saturated ~one must be sufficient to allow 
adequate distribution of oxygen and nutrients. Formations with hydraulic conductivities 
of lQ-4 em/sec or greater are most amenable to in-situ biological treatment. The soils 
present at the ACS Site appear to be permeable enough to consider in-situ biological 
treatment. However, non-homogeneous zones of permeability also affect distribution of 
oxygen and nutrients. The clogging of the aquifer, injection well, trenches or extraction 
wells by precipitated inorganic materials or microbial sludge has also impacted the 

-
-
-
-
-

effectiveness of in-situ biological remediation systems. Treatability studies would be -
required to evaluate a range of design conditions and treatment alternatives in order to 
optimize removal efficiencies and oxygen and nutrient delivery systems. 

In addition to the contaminant matrix being a potential problem with in-situ biological 
treatment, the levels of contaminants present due to the buried waste are expected to be 
too high and prove toxic to microorganisms. There are no existing case studies of in-situ 
biological treatment successfully remediating a contaminant matrix analogous to the one 

present at the ACS Site. Based on the levels of contaminants detected beneath the water 
table (and the presence of buried drums), as well as their hydrophobic chemical nature, a 
separate "free waste phase" (i.e., free liquids that are not dissolved in, or floating on top 
of, groundwater) is expected to exist within the upper aquifer in the source areas. 
Because of the hydrophobic nature of the "free waste phase" and the limited solubilities 
of most of the primary contaminants in water, treated groundwater from in-situ 
biological treatment would not penetrate the "free waste phase" and, subsequently, would 

-· 

-

-
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not contact and treat "free waste phase" contaminants present in the source areas. 
Because of the shallow water table conditions present at the ACS Site, the source areas 
would have to be dewatered in order to excavate sections of buried waste and soils with 
contaminant levels too high to be amenable to biological treatment. The requirement to 
dewater the ACS Site would negate the opportunity to perform in-situ biological 
treatment of groundwater within the source areas . 

..Qm - A unit cost for in-situ biological treatment of buried waste, soils and groundwater 
is presented in Table 3-5. In-situ biological treatment costs are not significantly greater 
or less than other relevant groundwater treatment methods. 

Screenin~ Status - Because of the implementability problems associated with the ACS 
Site, the in-situ biological treatment process option has not been. retained as a method of 
source treatment for alternative development and detailed analysis. It will be retained as 
a method of enhanced treatment of groundwater outside of the source areas, as well as 
contaminated groundwater which has migrated off-Site. In-situ biological treatment of 

groundwater could be implemented following the completion of source treatment if 
pump and treat flushing is found to be ineffective. 

3.4.3.2 In-Situ Steam Steam Strippin~ 
Description - A brief discussion of in-situ steam stripping is presented in Section 2.4.5.2. 

Effectiveness - Refer to Section 3.5.2.3 

Implementability - Refer to Section 3.5.2.3 

.Qru - Refer to Section 3.5.2.3 

Screening Status - Because in-situ steam stripping is the only process option which could 
potentially treat the buried waste, soils and groundwater concurrently at the ACS Site, it 
has been retained for alternatives development and detailed analysis. 
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Description - Brief descriptions of aerobic and anaerobic biological degradation are 
presented in Sections 2.4.3.1 and 3.4.1.1. Biological treatment following the excavation 
of contaminated areas can be accomplished by landfarming or in slurry-phase biological 
reactors. Bioremediation rates in contaminated soils and wastes are enhanced by 
achieving ideal oxygen levels, moisture content, nutrient levels, pH and acclimation of 
appropriate microorganisms. 

A lined. treatment bed is typically used in landfarming applications. Lateral perforated 
drainage pipe in the bed collects any leachate that may be formed. If the release of 
VOCs are of a concern, the system can be enclosed and an air collection and treatment 
system added. Aeration is usually provided by tilling, and irrigation systems are used to 
provide necessary moisture and nutrient addition. 

Slurry-phase bioreactors involve the mixing of contaminated soils and wastes with water 
prior to treatment. Slurry-phase bioreacfor processes offer greater control over the 
biological treatment system than landfarming techniques. This is accomplished by 
increased contact time between microorganisms and contaminants, use of engineered 
microorganisms, decreased acclimation time and superior control over process 
parameters. Treated soils and waste must undergo a water separation process. The 
separated water containing high populations of acclimated microorganisms is recycled 
back to the process. 

Effectiveness - Biological treatment of buried wastes and soils reduces the toxicity of 
organic contaminants by converting them to non~toxic compounds. The excavation and 
material handling requirements may resu1t in the volatilization of untreated VOCs to the 
atmosphere. Organic compounds which are refractory to the selected biological 
treatment system may also be volatilized to the atmosphere during treatment. A 
discussion of the effectiveness of aerobic and anaerobic biological degradation on the 
contaminant matrix present in the buried waste and soil at the ACS Site is presented in 
Section 3.4.1.1. 

-
-
-
-

-
-

-

-
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lmplementability - Biological treatment has been used on full scale soil and waste 
cleanups at a limited number of sites in the last few years. To date, its application at 
CERCLA Sites has been limited to simple contaminant matrices and petroleum 
derivative compounds. As mentioned previously, several of the chlorinated compounds 
may not be amenable to aero~ic treatment. The complexity of the organic contaminant 
matrix present at the ACS Site would likely require either treatment to occur under both 
aerobic and anaerobic (i.e., reduction potential-250 mv or less) environments in order to 
effectively treat the entire contaminant matrix, or an allowance for VOC emissions to the 
atmosphere. For similar reasons as those discussed in Section 3.4.3.1, creating an 
anaerobic environment in landfarming applications has not been achievable to date. 
Slurry-phase bioreactors offer the most feasible approach to performing both aerobic 
and anaerobic treatment. 

In addjtion to the contaminant matrix being a potential hindrance to biological 
treatment, the levels of contaminants present due to the buried waste may be too high 
and prove toxic to microorganisms. If this is the case, soils with contaminant levels too 
high to be amenable to biological treatment would have to be segregated for treatment 
by an alternative process option. TreatabilitY studies would be required to evaluate a 
range of design conditions and treatment processes in order to optimize the removal 
efficiencies and degradation rates for the organic contaminant matrix present in the 
buried waste and soils at the ACS Site. 

Potential ARARs associated with air emissions, RCRA storage and treatment and the 
RCRA land ban must be addressed by any alternative which includes biological 
treatment of the buried waste and soil at the ACS Site. A variance from the RCRA land 
ban requirements would have to be obtained in order to place treated soils back on-Site. 
Modified material handling procedures and the installation of air treatment equipment 
may be required if VOC emissions exceed specified ARARs or risk based levels. 
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Biological treatment would most likely require a treatability variance under 40 CFR 
268.44 to meet applicable land disposal restrictions (LDRs). In the revised National 
Contingency Plan, the U.S. EPA recognizes that soil and debris are significantly different 
than industrial waste streams used to develop the LDR treatment standards. The 
guidelines for obtaining a soil and debris treatability variance for CERCLA response 
actions are presented in the Office of Solid Waste and Emergency Response Directive 
9347.3-06FS titled "Obtaining a Soil and Debris Treatability Variance for Remedial 
Actions" (Directive). 

The Directive states that, "a Treatability Variance process ( 40 CFR 268.44) is available 
to comply with LDRs when a Superfund waste differs significantly from the waste used to '-" 
set the LDR treatment standards such that: 

The LDR standard cannot be met; or 

The best demonstrated available technology (BDAT) used to set the standard 
is inappropriate for the waste." 

If a treatability variance is granted, alternative treatment levels are established based on 
data from actual treatment of soil, or best· management practices for debris. 

According to the Directive, the following information should be included in the 
documentation of a soil and debris treatability variance for on-site response actions: 

a statement of need and justification for the proposed action; 

description of the soil or debris waste and description of the source of the 
contamination; 

an explanation of why the BDAT treatment technology is inappropriate or why 
treatment of the waste will not be able to achieve the LDR treatment 
standards; and 

for each alternative for which a Treatability Variance is required, the specific 
treatment level range to be achieved to comply with the LDRs through a 
Treatability Variance. 

-
-
-
-

-
-

-
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Since it is not known at this time if biological treatment will be selected as part of the 
final remedy, a detailed inventory of RCRA waste codes handled by ACS has not been 
developed. F-listed spent solvents, characteristic ignitable solvents, and paint and ink 
sludges etc. are believed to be the primary waste streams that were handled at the ACS 
Site. The BDAT pertaining to the LDR treatment standards for these waste codes is 
incineration. Most of the samples colle~ted at the ACS Site had contaminant 
concentrations in excess of the threshold concentrations for applicable functional groups 
specified in Highlight 5 of the Directive. 

Biological treatment of the soils and buried waste at the ACS Site would not be expected 
to achieve potentially applicable LDR treatment standards based on limited available 
data for contaminant matrices which are both simpler and of significantly lesser 
concentrations than what was found at the ACS Site.. There is no actual performance 
data involving the biological treatment of analogous contaminant matrices. A site
specific biological treatability study has not been performed. According to the Directive, 
"When there are no actual performance data available that indicate the LDR treatment 
standards can be met consistently for all soil and debris, site managers should seek a 
Treatability Variance". A Treatability Variance appears warranted for the ACS Site 
based on the complicated contaminant matrix and elevated concentrations that were 
found. 

The following alternative treatability variance levels based on percent reduction are 
specified in Highlight 5 of the Directive for the biological treatment of contaminant 
groups identified at the ACS Site (Highlight 5 of the Directive also presents variance 
levels based on concentration and percent reduction· for metals based on 
immobilization/ftxation as a treatment technology): 

Or~anic Functional Group 
Halogenated and Non-Polar Aromatics 
PCBs 
Halogenated Phenols 
Halogenated Aliphatics 
Polynuclear Aromatics 
Other Polar Organics 

Percent Reduction 
90-99.9% 
90-99.9% 
90-99% 

95-99.9% 
95-99.9% 
90-99.9% 
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Excavation of buried waste and contaminated soil for biological treatment would involv~ 
considerable material handling. The volume of buried waste and soil requiring 
treatment would dictate that excavation and material handling activities be performed in 
stages. Because of the material handling requirements, a large area would have to be 
available for the construction and operation of the aboveground treatment system. 

i&s! - Unit costs for the biological treatment of buried waste and soil are presented in 

-
-
-

Table 3-5. Assuming treated soils can remain on-Site, biological treatment costs are not -
significantly greater or less than other buried waste and soil treatment methods. 

Screening Status - Because of its ability to convert organic compounds to non-toxic 
compounds, as well as its potential applicability for treating all of the organic chemical 
groups of concern, the biological treatment of buried wastes has been retained for 
alternatives development and detailed analysis. 

3.5.1.2 Off-Site Incineration. 
Description - A description of thermal treatment techniques is presented in Section 
2.5.2.2. Buried waste and/or soil would be excavated and staged for transportation and 
disposal at an off-Site RCRA Part Band/or TSCA commercial incinerator. 

Effectiveness - Incineration of buried waste and/or soil reduces the toxicity of organic 
contaminants by destroying them. The excavation and material handling requirements 
may result in volatilization of untreated VOCs to the atmosphere. Resulting combustion 
products include carbon dioxide, water and other off-gases of incomplete combustion. 
These off-gases are typically treated using appropriate scrubber systems. Excluding the 
inorganic metals, all of the organic chemical groups of concern are amenable to 
incineration technologies. 

-
-

-
-
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Implementability- Incineration is a proven technology for wastes contaminated with 
organic compounds and would remediate the buried waste and/or soil in a shorter time 
frame than any other applicable process option. Refer to Section 3.5.1.1 for 
implementability issues associated with the excavation and handling of buried waste 
and/or soil. This process option would also be subject to RCRA hazardous waste 
generator ARARs. There is presently a limited commercial incinerator capacity 
available for soils and other solid wastes . 

..GQs.t - Unit costs for off-Site incineration of buried waste and soil are presented in Table 
3-5. Off-Site incineration costs are significantly higher than disposal costs associated 
with on-Site incineration. 

Screening Status - Because of the limited commercial i~cinerator capacity available for 

soils and other solid wastes, as well as the higher costs associated with off-Site versus on

Site incineration, off-Site incineration of buried wastes has not been retained for source 
treatment alternatives development and detailed analysis. It will be retained for the off
Site disposal of buried drums and miscellaneous debris, as well as for limited volumes of 
surficial PCB-contaminated soil disposal. 

3.5.1.3 On-Site Incineration. 

Description - A description of thermal treatment techniques is presented in Section 
2.5.2.2. Buried waste and/or soil would be excavated and staged for on-Site incineration. 

Effectiveness - Refer to Section 3.5.1.2 

Implementability - Incineration is a proven technology for wastes contaminated with 
organic compounds. Refer to Section 3.5.1.1 for implementability issues associated with 

the excavation and handling of buried waste and/or soil. The resulting incinerator ash 

must be disposed of on- or off-Site and would be subject to the RCRA land ban ARARs. 

This process option would also be subject to RCRA hazardous waste generator, storage 
and treatment ARARs. A pilot test bum would be required to optimize the operational 
parameters. Vendor availability for mobile or permanent incinerators should not pose a 
problem. 
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~ - Unit costs for on-Site incineration of buried wastes and soil are presented in Table 
3-5. The unit costs take into account the capital and operation and maintenance costs 
associated with incinerating the volume of soil at the Site. On-Site incineration 
operational costs are significantly lower than disposal costs associated with off-Site 
incineration. 

Screenin2 Status - Because of its ability to destroy all of the organic chemical groups of 

.... 

-
-

concern, on-Site incineration of buried waste has been retained for alternatives -
development and detailed analysis. 

3.5.1.4 On-Site Low Temperature Thermal Treatment 
Description - A description of thermal treatment techniques is presented in Section 
2.5.2.2. Buried waste and/or soil would be excavated and staged for on-Site low 
temperature thermal treatment. 

Effectiveness- Low temperature thermal treatment of buried waste and/or soil reduces 
the toxicity of organic contaminants by destroying them. The excavation and material 
handling requirements may result in the volatilization of VOCs to the atmosphere. 
Resulting volatilized gases would either be further treated by secondary combustion or 
condensed for recovery and disposal. Excluding the inorganic metals, all of the organic 
chemical groups of concern are amenable to low temperature thermal treatment. Based 
on a review of vendor literature, high boiling point organics (e.g., PCBs) are amenable to 
low temperature thermal treatment. Low temperature thermal treatment can be 
performed at higher temperatures for compounds less amenable to this type of 
treatment. Pilot study demonstrations have shown that SVOCs are amenable to low 
temperature thermal treatment at temperatures ranging from 5000F to 6000F. 

Implementability - Low temperature thermal treatment has been used on full scale soil 
remediations at a limited number of sites in the last few years. Its applications, to date, 
have been limited to simple contaminant matrices and petroleum derivative compounds. 
Low temperature thermal treatment units are designed to treat soils or sludges 
containing less than 10% total organics. Based on existing soil data for the ACS Site, 
organic contaminant concentrations should be below this level. 

.... 

-
-

-
-
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Refer to Section 3.5.1.1 for implementability issues associated with the excavation and 
handling of buried waste and/or soil. This process option would be subject to RCRA 
storage and treatment ARARs. A pilot test burn would be required to evaluate the 
ability of low temperature thermal treatment to handle the organic contaminant matrix 
of concern, as well as to optimize the operational parameters. Vendor availability for 
mobile or permanent low temperature the~al treatment units is limited . 

.,CQSt - Unit costs for on-Site low temperature thermal treatment of buried wastes and soil 
are presented in Table 3-5. On-Site thermal tre~tment operational costs are significantly 
lower than operational costs associated with on-Site incineration. 

Screenin2 Status - Because of its potential to treat the organic chemical groups of 
concern at significantly lower operational costs than on-Site incineration, on-Site low 
temperature thermal treatment of buried waste has been retained for alternatives 
development and detailed analysis. 

3.5.1.5 Off-Site Low Temperature Thermal Treatment. 
Description - A description of thermal treatment techniques is presented in Section 
2.5.2.2. Buried waste and/or soil would be excavated and staged for transportation and 
disposal at an off-Site RCRA Part B commercial low temperature thermal treatment 
unit. 

Effectiveness - Refer to Section 3.5.1.4 

Implementability - Refer to Section 3.5.1.4. There are presently no RCRA Part B 
commercial low tempeniture thermal treatment units. 

~ - Since there are no commercial facilities presently operating, costs could not be 
established for this process option. 

Screening Status - Since there are no commercial facilities presently available, off-Site 
low temperature thermal treatment of buried waste has not been retained for 
alternatives development or detailed analysis. 
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Description- A description of in-situ biological treatment is presented in Section 3.4.3.1. 

Effectiveness - Refer to Section 3.4.3.1. 

Implementability - As discussed in Section 3.4.3.1., the concentrations of contaminants in 

the waste at the Site are too high to use in-situ biological treatment of waste. It may be 
possible to perform in-situ treatment of some of the contaminated soils at the Site. 
However, the alternatives which include excavation and treatment of waste at the Site 
also include dewatering as a part of the alternative. Once the Site is dewatered, in-situ 
biological treatment of soil is not possible. The alternatives that are capable of treating 
the waste in-situ are also capable of treating the soil in-situ. Therefore, there is no need 

to consider separate technologies for treating waste and soil in-situ. 

Cost - Refer to Section 3.4.3.1. 

Screening Status - Because of the implementability problems associated with the ACS 
Site, the in-situ biological process option has not been retained for alternatives 
development and detailed analysis. 

3.5.2.2 In-Situ Vitrification 

Description - A description of in-situ vitrification is presented in Section 2.5.3.3. 

Effectiveness - In-situ vitrification of buried waste and/or soil reduces the toxicity of 

organic contaminants by destroying them. Off-gases resulting from either vaporization 

or incomplete pyrolysis of organic contaminants would be released to the atmosphere 

unless a collection head and air treatment system were provided. Data generated to date 
has not conclusively refuted the possibility that volatilized gases migrate away from the 
treatment zone and potentially spread contaminants to lower depths. Non-volatilized 

-
-

-
-
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organics and inorganics are immobilized within the resulting glass matrix. According to 
the treatability matrix presented in U.S. EPA (September 1988), all of the chemical 
groups of concern are potentially amenable to in-situ vitrification. 

Implementability - In-situ vitrification has yet to be demonstrated on full scale soil and 
waste cleanups. To date, its application at CERCL~ Sites has been limited to pilot 
studies involving the treatment of mixed hazardous and radioactive wastes. None of the 
pilot studies involved organic contaminant levels approaching those at the ACS Site. 
Vendor availability for in-situ vitrification is limited. 

A combination of high soil permeability (less than approximately 1 x to-5 em/sec) and 
the presence of groundwater and buried drums can create technical limitations to the 
process. All of these conditions exist at the ACS Site. Electrical shorting may be caused 
by the concentrated presence of buried drums. In-situ vitrification will work With fully 
saturated soils; however, the water in the soil must be evaporated before the soil wil1 
begin to melt. If the soil moisture is being recharged by an aquifer, there is an additional 
economic impact. Since high soil permeability and water table conditions exist at the 
ACS Site, dewatering and capping the area before treatment by in-situ vitrification is 
essential. Vitrified source areas would interfere with the present groundwater flow 
patterns. 

,~ High organic contaminant levels could cause an overload of the off-gas treatment system. 
Combustible VOC off-gas emissions generated during a recent pilot study caused the 
fiberglass air emission capture hood which is presently employed to catch on fire (Inside 
EPA, March 27, 1991). A pilot study would be required to determine the feasibility of 
treating the contaminant matrix present in the buried waste and soils a.t the ACS Site 
using in-situ vitrification. Air emission ARARs may apply to off-gases emitted by this 
process. 

~-Unit costs for in-situ vitrification of buried waste and soil are presented in Table 
3-5. The operatiC?nal costs associated with in-situ vitrification are significantly higher 
than operational costs associated with other buried waste and soil treatment process 
options. 
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Screening Status - Because of the high organic contaminant levels present in the buried 
wastes, in-situ vitrification of buried waste has not been retained for alternatives 
development and detailed analysis. On-Site incineration is proven and equally effective 
for treating all of the chemical groups detected at the ACS Site. 

3.5.2.3 Vapor Extraction 
Description - Refer to Section 3.6.2.3. 

Effectiveness - Refer to Section 3.6.1.6. 

Implementability - Refer to Section 3.6.2.3 for general implementability issues associated 
with in-situ vapor extraction. Vapor extraction has been successful in removing VOCs 
from soils, though there have been no case studies, where VOC contaminant levels 
approach those detected at the ACS Site. Based on the levels of contaminants detected 
in soil samples collected beneath the depth of the water table (and the presence of 
buried drums), a separate "free waste phase" (i.e., free liquids that are not dissolved in, 
or floating on top of, groundwater) is expected to exist within the upper aquifer in the 
buried waste and other source areas. Sufficient air permeability may not exist through 
these "free waste" zones to allow sufficient air contact necessary to effectively extract 
VOCs contained, in the buried waste. A pilot scale test would have to be conducted in 
the buried waste areas to determine concentrations entering the vapor treatment system . 
It may be necessary to implement the vapor extraction system in phases to prevent 
overload of the off-gas system. Phasing could possibly be accomplished by installing 
wells around the perimeter of the waste areas and moving inward as VOC levels are 
reduced in the extraction air. 

Screening Status - Because vapor extraction is the only proven technology which could 
potentially treat both buried waste and soils in-situ with minimal excavation 
requirements, it has been retained for alternative development and detailed analysis. 

-
-
-
-
-
-
-
-
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Description - A brief discussion of in-situ steam stripping is presented in Section 2.4.5.2. 

~ffectiveness - Refer to Section 3.4.1.5 for a general discussion of steam stripping 
effectiveness. According to the treatability matrix presented in U.S. EPA (September 
1988), the BETX compounds, chlorinated methanes, chlorinated ethanes, chlorinated 
ethenes and volatile ketones are amenable to steam stripping; while the chlorinated 
benzenes, phthalates, phenols, PNAs, ethers, isophorone and benzoic acid are potentially 
amenable to steam stripping. PCBs and inorganic metals would not be amenable to 
steam stripping. 

The preliminary findings of a SITE program demonstration of in-situ steam stripping 
reported in de Percin (June 1990), showed that removal efficiencies varied between 
treatment cells, and the disposition of semi-volatile organic compounds that were 
reportedly removed could not be determined. Downward migration of contaminants to 
below the treatment zone appeared to be insignificant. In-situ steam stripping has the 
potential to treat soil and groundwater concurrently. 

Implementability - In-situ steam stripping has yet to be demonstrated on full scale soil 
and waste cleanups. To date, its application at CERCLA Sites has been limited to pilot 

-~ studies involving remediation of VOC-contaminated soils. Vendor availability for in-situ 
steam stripping is limited. 

In-situ steam stripping should be capable of treating the organic contaminant 
concentrations present in the buried waste at the ACS Site since wastewater applications 
of steam stripping are able to handle concentrated organics. A pilot study would be 
required to determine the feasibility of treating the contaminant matrix present in the 
buried waste and soils at the ACS Site using in-situ steam stripping. Off-gases from the 
steam stripping process would either have to be treated or condensed for recovery or off
Site disposal. This process option would be subject to RCRA hazardous waste generator 
ARARs, and may also be subject to air emission ARARs. 
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A problem with in-situ steam stripping is that large diameter augers would be used to 

auger holes into the ground on a grid pattern across all of the areas of contamination. If 

any of the augers penetrated the clay confining layer beneath the Site, high levels of 

contamination would be introduced to the lower aquifer. A second potential problem 

with in-situ steam stripping is that the process could mix highly contaminated waste with 

the surrounding soil which has much lower levels of contamination. If, for any reason, 

the steam stripping technology does not work, the volume of contaminated waste to be 

dealt with would be larger. 

Cost - A unit cost for in-situ steam stripping is presented in Table 3-5. In-situ steam 

stripping costs are not significantly greater or less than other relevant buried waste and 

soil treatment methods that also require soil excavation and/or concurrent groundwater 

treatment. 

Screening Status - Because in-situ steam stripping is the only process option which could 

potentially treat the buried wastes, soil and groundwater concurrently at the ACS Site, it 

has been retained for alternatives development and detailed analysis. 

3.6 Soil and Sediments Treatment 

3.6.1 Removal 
3.6.1.1 Bioreactor /Land Farming 

Description - Refer to Section 3.5.1.1. 

Implementability- Refer to Section 3.5.1.1. 

Cost - Refer to Section 3.5.1.1. 

Screening Status - Because of its ability to convert organic compounds to non-toxic 

compounds, as well as its potential applicability for treating all of the organic chemical 

groups of concern, the biological treatment of soils has been retained for alternatives 

development and detailed analysis. 

..... 
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3.6.1.2 Off-Site Incineration 
Description- Refer to Section 3.5.1.2~ 

Effectiveness - Refer to Section 3.5. 1.2. 

Implementability - Refer to Section 3.5. 1.2 . 

..Qru- Refer to Section 3.5.1.2. 
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Screening Status - Because of the limited commercial incinerator capacity available for 
soils and other solid wastes, as well as the higher costs associated with off-Site versus on
Site incineration, off-Site incineration of soils has not been retained for alternatives 

development and detailed analysis. 

3.6. 1.3 On-Site Incineration 
Description- Refer to Section 3.5.1.3. 

Effectiveness- Refer to Section 3.5.1.3. 

Implementability - Refer to Section 3.5. 1.3. 

~-Refer to Section 3.5.1.3. 

Screening Status- Because of its ability to destroy aU of the organic chemical groups of 
concern, on-Site incineration of soil has been retained for alternative development and 

detailed analysis. 

3.6. 1.4 On-Site Low Temperature Thermal Treatment 
Description - Refer to Section 3.5.1.4. 

Effectiveness- Refer to Section 3.5.1.4. 

Implementability- Refer to Section 3.5.1.4. 

~ - Refer to Section 3.5. 1.4. 
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Screening Status - Because of its potential to treat the organic chemical groups of 
concern at significantly lower operational costs than on-Site incineration, on-Site low 
temperature thermal treatment of soils has been retained for alternatives development 
and detailed analysis. 

3.6.1.5 Off-Site Low Temperature Thermal Treatment 
Description - Refer to Section 3.5.1.5. 

Effectiveness- Refer to Section 3.5.1.5. 

Implementability - Refer to Section 3.5.1.5. 

~ - Refer to Section 3.5.1.5. 

Screeninc Status - Since there are no commercial facilities presently available, off-Site 
low temperature thermal treatment of soil has not been retained for alternatives 
development and detailed analysis. 

3.6.1.6 Vapor Extraction 
Description - A brief discussion of above-ground vapor extraction is presented in Section 
2.5.2.3. Excavated soil would be staged in a lined area and covered in order to minimize 
leaching and volatilization. A header system is situated at the base of the soil pile. The 
system operates by applying a vacuum through the header system. The established 
vacuum draws VOC-contaminated air from the soil pores and fresh air from a recharge 
source. The disruption in the vapor /liquid equilibrium that is created results in diffusion 

of VOCs into the vapor phase an.d continued removal. Stripping of VOCs from the 
dissolved water phase into the vapor phase also occurs. The removed vapors are either 
discharged to the atmosphere or treated. 

Effectiveness - Vapor extraction of soil transfers organic compounds to the air phase. 
The toxicity of organic compounds is reduced by dilution in clean air. If vapor phase 
thermal treatment or carbon adsorption is used, however, the destruction of organics as a 
result of incineration or spent carbon regeneration would result in an overall toxicity 

-
-
-
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reduction. The excavation and material handling requirements may result in the 
volatilization of untreated VOCs to the atmosphere. 

Compounds with dimensionless Henry's Law constants in excess of .01 (.0004 atm
m3 /mole) are amenable to vapor extraction, while compounds with dimensionless 
Henry's Law constants in excess of .001 (.00004 atm-m3 /mole) are potentially amenable 
to vapor extraction. Based on this criteria and the Henry's Law constants for the target 
compounds presented in Table 3-1, the BETX compounds, chlorinated methanes, 
chlorinated ethanes, chlorinated ethenes, dichlorobenienes·, naphthalene and its 
derivatives and PCBs are amenable to vapor extraction. The volatile ketones are 
potentially amenable to vapor extraction. The phthalates, ethers, phenols, isophorone, 
benzoic acid and inorganic metals would not be expected to be amenable to vapor 
extraction. Because of its soil adsorption characteristics, PCBs would also not be 
expected to be amenable to vapor extraction. There are no documented case studies of 
vapor extraction being used to remediate PCB-contaminated sites. Removal efficiencies 
are determined by mass transfer relationships and site hydrogeology. 

Implementability- Vapor extraction is a proven technology for the treatment of VOC
contaminated soils. Vapor extraction performed above-ground offers more control over 
the treatment process than vapor extraction performed in-situ. Variables which 
adversely impact in-situ vapor extraction such as moisture content, as well as non-

"".'-- homogeneous soil conditions and contaminant levels, are better controlled in above
ground applications of vapor extraction. A pilot study would have to be performed to 
more accurately determine VOC emissions and optimize the design parameters. 

Refer to Section 3.5.1.1 for implementability issues associated with the excavation and 
handling of soil and the RCRA land ban ARARs associated with the placement of 
treated soil on-Site. Potential ARARs associated with R<;RA hazardous waste storage 
and treatment would have to be addressed by any alternative which includes above
ground vapor extraction. A vapor phase treatment system would be required if VOC air 
emission ARARs are exceeded. 
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.Qru - A unit cost for the above-ground vapor extraction of soil is not available in the 
literature. Operational costs for above-ground vapor extraction would be significantly 
higher than operational costs associated with in-situ vapor extraction because of the soil 
excavation requirements. 

Screenin~: Status - Since in-situ vapor extraction offers comparable treatment 
effectiveness at lower operational costs without the requirement of soil excavation and 
handling, above-ground vapor extraction of soils has not been retained for alternative 
development and detailed analysis. 

3.6.1.7 Solvent Extraction 
Description - A brief discussion of solvent extraction using critical fluids is p-resented in 
Section 2.5.2.3. 

Effectiveness - Solvent extraction transfers contaminants from the solid phase to a 
concentrated liquid phase. The toxicity of the contaminants would be reduced if a 
destructive treatment method (e.g., incineration, secondary fuel blending) is utilized for 
the off-Site disposal of the extracted contaminants. The excavation and material 
handling requirements may result in the volatilization of untreated VOCs to the 
atmosphere. 

According to the treatability matrix presented in U.S. EPA (September 1988), all of the 
chemical groups of concern are potentially amenable to solvent extraction. Inorganic 
metals would not be expected to be amenable to critical fluids extraction, but would be 
amenable to a separate solvent extraction or soil washing process. Critical fluids solvent 
extraction has been shown to be more effective when a cosolvent, such as methanol, is 
added. 

Implementability - Solvent extraction has yet to be demonstrated on a full scale soil 
cleanup. To date, its application at CERCLA Sites has been limited to pilot and 
laboratory studies involving PCBs and petroleum-derivative wastes. Vendor availability 
for solvent extraction is limited. 

-
-
-
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The complexity of the organic contaminant matrix present at the ACS Site would make it 

difficult to identify a single solvent or mixture that could effectively solubilize and extract 

all of the necessary contaminants. Solvent extraction has yet to be tested on a 

complicated waste matrix. A pilot study would be required to determine the feasibility of 

treating the contaminant matrix present in the soil at the ACS Site using solvent 

extraction. 

Refer to Section 3.5.1.1 for implementability issues associated with the excavation and 

handling of soil and the RCRA land ban ARARs associated with the placement of 

treated soil on-Site. The generated extract would require off-Site disposal. Potential 

ARARs associated with RCRA hazardous waste generation, storage and treatment must 

be addressed by any alternative which includes solvent extraction . 

.CW - A unit cost for solvent extraction is presented in Table 3-5. Solvent extraction 

costs are not significantly greater or less than other relevant soil treatment methods. 

Screenin~ Status - Since other proven soil treatment process options offer comparable 

treatment effectiveness at similar costs, solvent extraction of soils has not been retained 

for alternatives development and detailed analysis. 

3.§.2 In-Situ Treatment 
·~ 3.6.2.1 In-Situ Biolo&ical Treatment 

Description- Refer to Section 3.4.3.1. 

Effectiveness - Refer to Section 3.4.3.1. 

Implementability - Refer to Section 3.4.3.1. 

.Qru - Refer to Section 3.4.3.1. 

Screenin~ Status - Because of the implementability problems associated with the ACS 

Site, discussed in Section 3.5.2.1, the in-situ biological treatment process option has not 

been retained as a method of source treatment for alternatives development and 

detailed analysis. 
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Description -A brief discussion of in-situ steam stripping is presented in Section 2.4.5.2. 

Effectiveness- Refer to Section 3.5.2.3. 

Implementability - Refer to Section 3.5.2.3 . 

.Qru - Refer to Section 3.5.2.3. 

Screening Status - Because in-situ steam stripping is the only process option which could 
potentially treat the buried waste, soils and groundwater concurrently at the ACS Site, it 
has been retained for alternatives development and detailed analysis. 

3.6.2.3 Vapor Extraction 

-

-

-

Description - Refer to Section 3.6.1.6 for a general discussion of vapor extraction -
principles. Extraction wells are installed in a grid pattern across the area(s) to be 
treated. The surface is often capped in order to prevent short-circuiting and enhance the 
radius of influence of the extraction wells. If the surface is capped, the extraction wells 
could also serve as passive inlet wells in order to provide a recharge source for clean air. 
The extractions wells are connected by a header system to one or more vacuum pumps 
depending on the system design requirements. 

Effectiveness - Refer to Section 3.6.1.6. 

Implementability- Vapor extraction is a proven technology for the treatment of VOC
contaminated soils. Even though vapor extraction is potentially applicable to all soil 
conditions and permeabilities, it is the most effective in homogeneous, permeable soil 
conditions. The soil conditions at the ACS Site would appear to be conducive to vapor 
extraction. Soi~ moisture content and depth to groundwater are also a potential 
hindrance to vapor extraction. Vapor extraction is most effective when the soil moisture 
content is less than 10%, although it can stili be effective up to 30%, and the depth to 

-

/ -
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groundwater is greater than five feet. Since high soil permeability and water table 
conditions exist at the ACS Site, dewatering the area before treatment by in-situ vapor 
extraction is essential. Soil sampling for moisture content and pilot testing would be 
required to determine the effectiv~ness of vapor extraction following Site dewatering. 
Groundwater extraction wells could also serve a dual purpose as vapor extraction or 
passive inlet wells. 

Since the theory of vapor extraction is not well defined, a pilot study would be required 
to optimize the design parameters. The start-up of vapor extraction systems for complex 
w~te matrices can be labor intensive. Follow-up soil sampling is required to determine 
the effectiveness of the system in meeting established cleanup criteria. A vapor phase 
treatment system would be required if VOC air emission ARARs are exceeded . 

.,CQ,g - A unit cost for the in-situ vapor extraction of soil is presented in Table 3-5. 
Operational costs for in-situ vapor extraction are significantly lower than operational 
costs associated with above-ground vapor extraction. 

Screenin~ Status - Because of its proven effectiveness in full scale soil remediations at 
both CERCLA and non-CERCLA Sites, as well as it being the only proven in-situ 
process option for the contaminant matrix of concern, in-situ vapor extraction has been 
retained for alternatives development and detailed analysis. 

3.6.2.4 In-Situ Vitrification 
Description- Refer to Section 3.5.2.2. 

Effectiveness - Refer to Section 3.5.2.2. 

Implementability- Refer to Section 3.5.2.2 . 

.Q!5t- Refer to Section 3.5.2.2. 
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Screenin~ Status - Since other proven soil treatment process options offer comparable 
treatment effectiveness at significantly lower operational costs, in-situ vitrification of 
soils has not been retained for alternatives development and detailed analysis. 

3.6.2.5 In-Situ Fixation 
Description - A brief discussion of in-situ fixation is ·presented in Section 2.5.3.3. 
Fixation methods are designed to immobilize contaminants and thereby prevent their 
further migration by leaching into the water phase. Mobility is reduced through the 

-
-

binding of hazardous constituents into a solid mass with low permeability and high ionic -
bonding affinity that resists leaching. Fixation processes may be cement based, 
pozzolanic-based, silicate-based, thermoplastic-based or organic polymer-based. '-
Cement, pozzolanic and silicate systems are the most prevalent at the present time. 
Special auger technologies are used to mix materials into soil in-situ. 

Effectiveness - In-situ fixation immobilizes contaminants within a solid mass. According 
to the treatability matrix presented in U.S. EPA (September 1988), inorganic metals are 
amenable to in-situ fixation. All of the organic chemical groups of concern are 
potentially amenable. Fixation techniques have effectively immobilized waste streams 
contaminated with inorganic metals and oily sludges frorp petrochemical manufacturing 
operations. Its effectiveness at immobilizing PCBs and the organic chemical groups of 
concern at the ACS Site has yet to be documented through case studies and SITE 
Program demonstrations. 

Implementability - In-situ fixation has yet to be demonstrated on full scale soil cleanups. 
To date, its application at CERCLA Sites has been limited to pilot studies involving 

inorganic metals, petroleum wastes and PCBs. Fixation is a proven technology for 
inorganic metals and oily sludges containing organic compounds with limited 
leachability. Treatability studies would be required to determine the effectiveness of 
fixation on the contaminant matrix present at the ACS Site. Vendor availability for in
situ fiXation is limited. 

-
-
-

-
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~ - Costs were not developed for in-situ fixation since it is not being considered as a 
primary process option. 

, Screenin& Status - Since in-situ fixation of soils is not proven to be effective at treating 
the contaminant matrix at the ACS Site, it has not been retained for alternatives 
development. It has been retained for detailed analysis as a secondary treatment process 
option to be used in conjunction with primary process options not capable of treating 
inorganic metals, PCBs or certain semi-volatile organic compounds. 

3.6.2.6 In-Situ Radio Frequency 
Description. A brief discussion of in-situ radio frequency is presented in Section 2.5.3.3 . 
Radio frequency has heated large volumes of soil up to 725 op in-situ. Similar to in-situ 
vitrification, energy is supplied by inserting electrodes into the ground using a grid 
layout. When the electrode array is supplied with electromagnetic energy, an 
electromagnetic wave is transmitted by the exciter electrode into the target volume of 
soil. A vapor containment cover is placed over the treatment zone to capture VOCs for 

I 

treatment by catalytic incineration or carbon adsorption. 

Effectiveness - In-situ radio frequency treatment of soil transfers organic compounds to 
the air phase. The toxicity of organic compounds is reduced by dilution in clean air. If 
vapor phase thermal treatment or carbon adsorption is used, however, the destruction of 

....... ,~ organics as a result of incineration or spent carbon regeneration would result in an 
overall toxicity reduction. 

Based on a review of vendor literature, in-situ radio frequency is applicable to 
compounds such as VOCs and petroleum hydrocarbons with boiling points less than 500 
OF. Based on this criteria and the boiling points for the target compounds presented in 
Table 3-1, all of the organic chemical groups of concern, except PCBs, would be 
amenable to in-situ radio frequency. Inorganic metals would not be amenable to in-situ 
radio frequency. 
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Implementability - In-situ radio frequency has yet to be demonstrated on pilot or full 
scale soil cleanups. To date, it has only been tested on potential soil cleanup 
applications on a laboratory scale. This process has been used for many years to heat tar 
sands at depths of more than 1000 feet to enhance oil recovery operations. Vendor 
availability for in-situ radio frequency is limited. A pilot study to determine the 
effectiveness of in-situ radio frequency on treating the contaminant matrix at the ACS 
Site would be required. A vapor phase treatment system would be required if VOC air 
emission ARARs are exceeded. 

Cost - A unit cost for the in-situ radio frequency treatment of soil is presented in Table 
3-5. Operational costs for in-situ radio frequency are higher than operational costs 
associated with other relevant soil treatment process options. 

Screenini Status - Since in-situ radio frequency has not been demonstrated to be 
effective on the contaminant matrix at ACS on a pilot or full scale remediation, it has not 
been retained for alternatives development and detailed analysis. 

3.7 Detailed Alternatives To Be Screened 

The final alternatives to be evaluated in Section 4.0 have been developed in this 
subsection based on the preliminary screening evaluations of individual process options. 
The process options associated with each of the general response action alternatives are 
presented in Table 2-3. The process options which have been retained for detailed 
analysis are summarized below along with the screening status of the general response 
action alternatives presented in Section 2.0. A summary of the final alternatives to be 
evaluated in Section 4.0 is presented in Table 3-6. 

3.7.1 No Action (Alternative I) 
Description- No remedial action measures would be taken as part of the no action 
alternative. This alternative is required by the NCP to be carried forward for detailed 
analysis in order to provide a baseline for comparison to the other alternatives. In 
Section 4.0, this alternative will be designated Alternative 1. 

... 
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Screenin& Status - The no action alternative has been retained for detailed analysis in 
Section 4.0. 

3.7.2 Containment with Slurry Wall: On-Site Groundwater Gradient Control; 
Groundwater Pumpina and Treatment Outside Sluny Wall (Alternative ll) 
Description - Alternative II, involves constructing a slurry wall around the entire ACS 
Site. Figure 3-2 shows the proposed boundary for the slurry wall. Groundwater within 
the slurry wall would be pumped and treated to maintain an inward gradient. 
Groundwater outside the slurry wall would be pumped and treated. Contaminated soils 

' at the ground surface would be covered to prevent contact. This will be designated as 
Alternative 2 in Section 4.0. 

Screenina Status - Alternative II has been retained for detailed analysis in Section 4.0. 
Air stripping, UV /oxidation and biological treatment will be evaluated as potential 
groundwater treatment process options. 

3.7.3 Excavation and Treatment of Buried Waste; and Groundwater PumpinK and 
Treatment (Alternative III) 
Description - Alternative III is primarily a source treatment approach and involves 
dewatering the source areas and excavation and treatment of buried wastes only. On
Site incineration and low temperature thermal treatment are the above-ground buried 
wastes treatment process options which have been retained for detailed analysis. Both 
on-Site and off-Site groundwater pumping and treatment would be conducted. 

ScreeninK Status- Two final alternatives have been developed for analysis in Section 4.0 
from applicable process options which have been retained for detailed analysis. 
Alternative 3A would involve dewatering the areas of contamination and excavation and 
on-Site incineration of buried waste. Altern~tive 3B would involve dewatering the areas 
of contamination and excavation and on-Site low temperature thermal treatment of 
buried waste. Air stripping, UV /oxidation and biological treatment will be evaluated as 
potential groundwater treatment process options for both alternatives. 
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Description - Alternative IV is primarily a groundwater pumping and treatment 
approach. Groundwater pumping would be used to flush contaminants from the 
unsaturated zone. A significant volume of wastes are buried 5 to 15 feet below the 
existing water table at the Site. 

A recent study completed by Oak Ridge National Laboratories (ORNL) supported a 
report published by the U.S. EPA in 1990 concerning the effectiveness of groundwater 
pump and treat systems. The ORNL study (Environmental Science and Technology, 
October 1990) and U.S. EPA report both concluded that groundwater pump and treat 
systems were not effective at achieving health-based cleanup objectives at hazardous 
waste sites. 

Screening Status - Because of the high levels of contaminants present with the upper 

-
-
-
-
-
-
-

aquifer (also the presence of buried drums) at the ACS Site, groundwater pump and -
treat technologies would not be effective at remediating the Site in an acceptable 
timeframe without performing concurrent source treatment. Alternative IV has not been 
retained for detailed analysis in Section 4.0. 

3.7.5 In-Situ Treatment of Buried Waste. Soils and Groundwater: and Groundwater 
Pumping and Treatment (Alternative V) 
Description- Alternative V involves treating the soils, buried waste and groundwater in:. 
situ. In-situ steam stripping is the only process option which has been retained for 
detailed analysis. 

Screening Status - One final alternative has been developed from applicable process 
options which have. been retained for detailed analysis. This final alternative would 
involve in-situ steam stripping of the buried waste, soils and groundwater. Groundwater 
pumping and treatment outside of the waste and contaminated soil areas would also be 
included. Air stripping, UV /oxidation and biological treatment will be evaluated as 
potential groundwater treatment process options. This alternative will be designated 
Alternative 4 in Section 4.0. 

-

-
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3.7.6 In-Situ Treatment of Buried Waste and Soils: and Groundwater Pumpin& and 

Treatment (Alternative Yl) 
Description - Alternative VI involves dewatering th~ areas of contamination and treating 
soils and buried waste in-situ. Vapor extraction of buried wastes and soil has been 
retained for detailed analysis. Groundwater pumping and treatment would be conducted 
in areas outside of the waste and contaminated soil area. 

Screenin& Status - One final alternative has been developed from applicable process 
options which have been retained for detailed analysis. The final alternative would 
involve in-situ vapor extraction of buried waste and soils. Air stripping, UV /oxidation 
and biological treatment will be evaluated as potential groundwater treatment process 
options. This alternative will be designated Alternative 5 in Section 4.0. 

3.7.7 Excavation and Treatment of Buried Wasw: In-Situ Treatment of Soils: and 
Groundwater Pumpin& and Treatment (Alternative VII) 
Description - Alternative VII involves dewatering the source areas, excavation and 
treatment of buried waste and in-situ. treatment of soils. Based on the discussion 
presented in Section 3.7.3, on-Site incineration and low temperature thermal treatment 
are the only above-ground buried waste treatment process options which have been 
retained for detailed analysis. Above-ground biological treatment of buried waste has 
not been retained because the high organic contaminant concentrations would likely be 

. toxic to microorganisms. The likely existence of the buried waste in a liquid, sludge or 
slurry state would prevent the effective implementation of either landfarming or slurry
phase biological treatment which are typically designed for. treating wastes in a solid 
state. In-situ vapor extraction is the only soil treatment process option which has been 
retained for detailed analysis. 
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Screenin& Status- Two final alternatives have been developed from applicable process 
-

options which have been retained for detailed analysis. They will be designated -
alternatives 6A and 6B in Section 4.0. Alternative 6A would include dewatering the 
source areas with excavation and on-Site incineration of buried waste. Alternative 6B 
would include dewatering the source areas with excav~tion and low temperature thermal 
treatment of buried waste. In-situ vapor extraction of soil and groundwater pumping and 
treatment would be conducted outside of the areas of waste and contaminated soil. Air 
stripping, UV oxidation and biological treatment will be evaluated as potential 
groundwater treatment process options. 

3.7.8 Excavation and Treatment of Buried Waste and Soils: and Groundwater Pumping 
and Treatment (Alternative VIII) 
"Description - Alternative VIII involves dewatering the areas of contamination and 
excavation and treatment of buried waste and soils. On-Site incineration, low 
temperature thermal treatment and biological treatment of buried waste and soils have 
been retained for detailed analysis. 

Screenini Status - Four final alternatives have been developed from applicable process 
options which have been retained for detailed analysis. All would involve dewatering the 
source areas and excavation and treatment of both waste and contaminated soil. They 
would all include groundwater pumping and treating outside of the waste and 
contaminated soil areas; The four alternatives would be designated alternatives 7 A, 7B, 
SA and 8B in Section 4.0. Air stripping, UV /oxidation and biological treatment will be 
evaluated as groundwater treatment process options. Alternative 7 A would include 
excavation and incineration of both waste and soil, while Alternative 7B would consist of 
low temperature thermal treatment. Waste and soil would be treated biologically in a 
landfarm for Alternative 8A and in a slurry-phase bioreactor reactor in Alternative 8B. 
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SEcriON4.0 
DETAIQD ANALYSIS OFALTIBNATIVES 

4,1 AJUUOada to DetaUed AnalYsis 
4. 1.1 Introduction 
Final alternatives for detailed analysis were selected in Section 3.7. This section presents 
site specific descriptions and a deta.fled analysis ·of the remedial action alternatives which 
were retained during the preliminary screening process. Section 4.1.2 presents the nine 
evaluation criteria used to perform the detailed analysis of alternatives; and Sections 4.2 
and· 4.3 consist of the evaluation and presentation of information for each alternative 
relevant to the selection of-a Site remedy. This aj)proach to analyzing alternatives will 
provide sufficient information to adequately compare alternatives, select an appropriate 
Site remedy and demonstrate satisfaction of the Comprehensive Environmental 
Response, Compensation and Liability Act (CERCI.A) remedy selection requirements 
in the Recor.d of Decision. The initial alternatives discussed involve cdntainment 
remedies, whfie the later alternatives involve treatment "reltedies. The references used 
in Section 4.0 to· evaluate process options and develop cost 6stitt1ates are presented in the 
bibliography in Appendix D. 

Various independent. and medium specific ptocess options which are applicable to more 
than one of the final alternatives were retained for detailed analysis. Detailed analyses 
of.these independent and medium-specific process options are presented in Section 4.2, . . ' . 

which are separate from the detailed analyses of alternatives presented in Section 4.3. 
Independent and mediurrt-specific process options. discussed in Section· 4.2 include 
groundwater extraction/ collection, groundwater vertic~! barriers, treated water 
discharge, buried waste and soil access restrictions and contaimnent, groundwater and 
surface water remedial technologies, thermal treatment of ,buried waste ~nd 'soils, and 
biological treat~nent of buried waste and soils. Oniy potentially releVant criteria used to 
differentiate the proceSs options inclu~ed in more th~ orte alternative were_ addressed in 
the detru1ed analyses ,'of independent and mediutn-specltlc process options. Criteria not 
addressed in the .detailed analyses of independe~t iind medium-specific process options 
are included in the detailed ~es of applicable altertu1tives .. 
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Based on results of the Baseline Risk Assessment (BRA) performed during the RI, 
primary chemicals of concern were established for each area and medium at the ACS 
Site (Tables 4-1 through 4-6). The contami_nants of concern are presented in this chapter 
solely for the purpose of evaluating the relative effectiveness of the various technologies 
for treating these contaminants or for evaluating potential treatment interferences 
caused by the contaminants of concern. Similarly, the concentration of the contaminants 
presented below are solely for the purpose of determining cost estimates in order. to 
compare the relative costs of the technologies. The listing of a compound as· a 
contaminant of concern in this chapter does not imply that the compound needs to be 
remediated. 

Chemical groupings and tar)et compounds from each grouping were established in 
Section 3. 1.2. In order to facftitate the detailed analysis and design calculations, these 
chemical groupings and target: compounds have also been retained in Section 4.0 of the 
FS. Minimum and maximum concentrations by chemical grouping were established for 
each area and medium for use in design calculations and cost estimates. 

Groundwater minimum and maximum design concentrations were established based on 
groundwater data for monitoring wells MW-3, MW-16, MW-5 and MW-6 (i.e., 
monitoring wells located within the proposed area to be dewatered). Data from MW~3 
and MW-16, which are located downgradient of the on- and off-Site areas, were 
averaged in order to establish potential maximum groundwater design contaminant 
levels. Data from MW-3, MW-16, MW-5 and MW,.6, which also include upgradient 
locations, were a.veraged in order to establish potential minimum groundwater design 
contaminant levels. Potential minimum and maximum groundwater design 
concentrations by chemical grouping are presented in Table 4-7. Calculated exposure 
levels from the BRA are also presented in Table 4-7. The BRA exposure levels are a 
statistical representation of all of the data collected at the Site. Potential maximum 
groundwater design concentrations were used, where applicable, in design calculations 
and preparation of the primary c~st estimate for each alternative. 
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flushing. The need for in-situ biological treatment would be evaluated during the 

CERCLA five year review process. In-situ biological.treatment could be applied to on

Site areas outside of the source areas and off-Site areas. Applicable ARARs would have 
to be met in ·order to reinject treated groundWater. 

~ - Refer to Section 3.3.4.2. 

4.2.5 Buried Waste and Soil Access RestrictionS 
Description 
Access restrictions are described in Section 3.3.5. 

Lon&-Term Effectiveness and Permanence 
Refer to the discussion on effectiveness in Section 3.3.5. 

lmplementability 

Refer to the discussion on implementability in Section 3.3.5. 

4.2.6 Buried Waste and Soil Containment 

4.2.6.1 Ca~~in& 
Pescri~tion 

Caps, if used, would only be placed over the presently delineated areas of contamination 
(i.e., On- and Off-Site Contaminant Areas, Still Bottoms and Treatment Lagoon Areas 
and Kapica-Pazmey Area). Section 2.5.4.1 contains a description of the different types of 
caps. For alternatives involving treatment which requires final capping to minimize 
exposure to remaining residual contaminants, asphalt (concrete only if the area is located 

underneath an in-service tank farm) capping would be used in areas affected by ACS's 

continuing operations. the selection of a capping approach will be dependent on 
specified ARARs for the Site. 

Lon&-Term Effectiveness and Permanence 
Because the caps are used .to limit direct contact and prevent rainfall infiltration, both 

concrete and asphalt caps would serve this function.· Even if minimal cracking occurs, 

sealed asphaltic and concrete also have minimal infiltration. Reducing infiltration limits 

the leaching of contaminants that adhere to soil into groundwater. 



lmplementability 
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Capping is a standard, proven technology for containment of contaminated source areas. 
The design and implementation of caps are well known and available. The use of 
asphalt and concrete caps would be necessary for the ACS f~cility to remain in 
operation. Concrete would be placed under tank farms to provide strength to hold the 
weigh~ of the tanks. Asphalt would be placed in other manufacturing areas requiring 
vehicular traffic or where a thicker multimedia cap would interfere with operations. 

4.2.6.2 Surface Stabilization 
Description 
Grading, regrading, vegetative cover and dust control methods are to be used in 
conjunction with other technologies as described in Section 3.3.6.2. 

Lon&-Term Effectiveness and Permanence 
Refer to the discussion on effectiveness in Section 3.3.6.2. The Site will need to be 
graded during remedial action to redirect rainfall and control runoff. Regrading as a 
part of routine maintenance will be required to control runoff. 

Implementability 
Refer to the discussion on implementability in Section 3.3.6.2. 

4.2.7 Groundwater and Surface Water Remedial Technolo&ies 
4.2.7.1 Activated Carbon Adsorption 
D .. 

escnptton 
A description for the activated carbon adsorption treatment of groundwater is presented 
in3.4.1.6. 

Reduction in Toxicity. Mobility or Volume Throu&b Treatment 
The destruction of organics as a result of the spent carbon regeneration process would 
result in an overall toxicity and volume reduction of contaminants present in 
groundwater. Some metals are also amenable to activated carbon adsorption treatment. 
Based on a review of the U.S. EPA's Water Engineering Research Laboratory (WERL) 
treatability data~ase (version 3.0) and other references presented in the Section 4.0 
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SECI'ION s.o· • 
COMPARA11VE ANALYSIS OF ALTEBNA11VES 

In this section, the alternatives 'screened in section 3 and developed in Section 4 are 
compared with one another relative to the following factors as required by the National 
Contingency Plan: 

Overall Protection of Human Health~ the Environment 

Complian~ with ARARs 

Long Term Effectiveness and Permanence 

Reduction of Toxicity, Mobility or Volume Through Treatment 

Short Term Effectiveness 

Implementability 

Cost 

Community Acceptance 

State Acceptance 

. 
5.1 Oyerall rrotectton or Unman Health and the Euii'OIIIIlQt 
Alternative 1, the no action alternative, does not provide any protection against further 
migration of contaminants to the groundwater beneath the Site, nor does it prevent 
continued migration of contaminants away from the Site through groundwater. 
Therefore, although the RI does not show any current impact to groundwater wells in 
the vicinity of the Site, the Rrs current and future land use scenarios show that the no 
action alternative would do nothing to prevent this from occurring. sometime in the 
future. Alternative 1 would also do nothing to prevent future Site users from being 
exposed to unearthed soils resulting from future development of the Site. 

Alternatives 2 thru 8 include a groundwater pump and treat system to prevent the 
migration of contaminants from the Site and treat contaminated groundwater over time 
until cleanup objectives are achieved. At least some of the treated groundwater may be 

• 
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discharged to the wetlands or reinjected as part of an overall groundwater remediation 
system designed to prevent dewatering of the wetlands by the pump and treat system and 
to flush residual levels of contaminants from wetland sediments and the upper aquifer. 

Waste materials buried at the Site are addressed by Alternatives 2 thru 8. Wastes are 
isolated within a sluny wall with Alternative 2 to prevent migration of contaminants via 
surface water runoff, to prevent direct contact ~d to reduce migration to groundwater. 
For alternatives 3A, 3B, 6A, 6B, 7 A, 78, 8A, and 88, wastes are excavated and treated 
on-Site. Alternat~ves 3A, 6A, and 7 A utilize high temperature thermal treatment to 
destroy contaminants in the waste. Low temperature thermal treatment is utilized in 
Alternatives 3B, 6B, and 7B. On-Site biological treatment is used in Alternatives 8A 
and 8B. Alternative 4 uses in-situ steam stripping to remove contaminants from buried 
waste materials. Alternative 5 uses in situ vapor extraction to remove contaminants from · 
waste. Residual concentrations of contaminants in waste would remain in the ground 
after treatment with Alternatives 2, 4 and 5. Alternative 2 would be least effective in 
removing contaminants from waste. Alternative 5 would remove th~ majority of VOC 
contaminants and some SVOC contaminants. Alternative 4 would address both VOC 
and SVOC contaminants. Therefore, if wastes· at the site were excavated under a future 
exposure scenario, the risks for dermal contact would be greater for Alternative 2, than 

.. Alternatives 4 and 5. There would be no risk for Alternatives 3, 6, 7 and 8 because the 
waste would be excavated and treated. 

Contaminated soils are addressed in Alternatives 2 thru 8. Contaminated soils are 

isolated within a slurry wall with Alternative 2. Contaminated soils would be treated by 
natural flushing from rainfall infiltrati~n with Alternatives 2 and 3. In-situ steam 
stripping is used in Alternative 4 to treat contaminated soils. In-situ vapor extraction is 
used for contaminated soils in Alternatives 5 and 6. Soils are excavated and treated with 
thermal and biological treatment in Alternatives 7 and 8, respectively. Residual levels of 
contaminants would remain in site soils after treatment for Alternatives 2, 3, 4, 5, 6 and 
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8. Therefore, if soils were excavated under a future exposure scenario, the risks for these 

alternatives would be greater than for Alternative 7. 

The lowest levels of residual contaminants following source treatment would likely be 
achieved by Alternative 7 A in which both waste and soil are excavated ~d incinerated. 
Because of its limited history, removal efficiencies for low temperature thermal 
treatment (Alternative 7B), if selected, cannot be determined without performing a 
treatability /pilot study; however, they are likely to approach those of 7 A for most 
contaminants. Alternatives 4, 5, 6, 7, and 8 would significantly reduce the primary 
contaminants present in both waste and contaminated soil at the Site. By removing only 
buried waste, Alternative 3 would reduce the overall risk by treating the areas of highest 
contamination. Residual levels of contaminants in the source areas would be higher for 
Alternative 3 than for Alternatives 4, 5, 6, 7, and 8 because contaminated soils are only 
addressed by natural. flushing or reinjection of groun~ter in Alternative 3. Use of a 
slurry wall and groundwater extraction for containment purposes in Alternative 2 would 
reduce the migration of contaminants present in the groundwater, but would only 
marginally reduce the possibility of exposure to contaminated soils by future Site users. 

Alternatives 2 thru 8 involve extraction to contain and treat contaminants present in the 
groundwater off-Site. The continued· migration of contaminants. in the groundwater 
would be reduced, which should mitigate· future impact to downgradient wetlands, 
Turkey Creek and residential wells. The potential for lower aquifer impact would still 
exist for Alternatives 1, 2 and -3 since high levels of residual source contamination would 
remain. 

5.2 Compliance with ARABs 
SDWA MCI.s have been identified as potential ARARs for groundwater. Contaminants 
identified in individual· groundwater samples exceed corresponding MCLs at some parts 
of the Site. Alternative 1, the no action alternative, would not comply with these ARARs 
for the Site. Alternatives 2 thru 8 involve a groundwater pump and treat system which 
would be used until groundwater cleanup objectives are met. 

:~. 
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In Section 3, several ARARs were identified for each of the Alte~tives that were 
corisidered. With the exception of the no action alternative, all identified ARARs would 
be met by each of the alternatives. -

5.3 Lona-Tenn Effectlyeaeg gd Penpgence 
The RI showed that contaminants have migrated to both the upper and lower aquifers 
beneath the Site and are migrating away from the Site in groundwater in the upper 
aquifer. The RI/BRA showed that there is no imminent risk to users of groundwater in 
the vicinity of the Site. It is possible that there could be risk to groundwater users if the 
contamination at the Site is allowed to continue to migrate from the Site. 

Alternative 1, the no action alternative, does nothing to prevent the continued migration 
of eontaminants to the groundwater and away from the Site. Therefore, in the long term, 
conditions at the Site would be expected to deteriorate. Eventually, it is possible that 
contaminants from the Site would impact domestic wells in the vicinity of the Site. 

The groundwater pump and treat system which is a part of Alternatives 2 thru 8 would be 
:. effective in preventing the migration of contaminants away from the Site and lowering 

the levels of cont~inants in the groundwater over time. Each of the alternatives would 
be equally effective in preventing the migration of contamination away from the Site. 
The time required to lower the contaminant levels in on-Site groundwater is dependent 
on the residual concentrations of contaminants in soils and wastes. However, because 
off-Site migration is prevented by the groundwater pump and treat system, the length of 
time required to reach the groundwater cleanup objectives do not make any of the 

I 

alternatives more or less effective than the others. 

The buried waste at the Site does not pose a risk to human health unless there is direct 
contact, ingestion or inhalation of the waste. Currently, the Site is fenced or the waste is 
covered with soil or, vegetation so there is little potential for direct contact, ingestion, or 
inhalation. Altemati~e 1, the no action alternative, does nothing additionaj to prevent 
direct contact, ingestion, or inhalation of waste. Alternative 2 provides additional cover 
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material over the Site, thereby reducing the potential for direct contact, ingestion, or 
inhalation of waste materials at the Site. 1be effectiveness of Alternative 2 is dependent 
on the cover material and slurry wall performing adeqUately for a long period. Proper 
maintenance of the cover and monitoring of groundwater outside the slurry wall would 
need to continue in the long term. Therefore, there is more uncertainty with this 
alternative than others. 

Alternatives 3 thru 8 provide additional treatment of waste at the Site. In alternatives 
3A, 3B, 6A, 6B, 7 A, 7B, SA, and 8B, waste is excavated arid treated on-Site as described 
in Section 5.1. In the long term, alternatives that include removal and treatment of waste 
will probably result in lower residu.al concentrations of contaminants. Therefore, the 
potential for problems with long terD1 maintenance will be lower. However, this must be 
compared to the short term problems of excavation and treatment of large volumes of 
potentially incompatible waste. Alternative 4 uses in-situ steam stripping to remove 
contaminanu...from the waste. Alternative 5 uses in-situ vapor extraction to remove 
contaminants from the waste .... Some of the alternatives "ould more completely destroy 
certain contaminants in the waste, and the residual leVels' of contaminants are lower for 
some of the alternatives. Qn..Site incineration would be able to treat all of the organic 
contaminants in the waste. Low temperature thermat~treatment, vapor extraction, 

landfarming and slurry phas. e bioreactors will als.o:;-.r ··.·. ly be effective in. removing 
contaminants. Because thes, technologies have not tested at Sites that have the-

. ~ 

wide range of contaminan-and high concentrations · · ntaminants detected at the 
ACS Site, the relative effectiveness of the technologies cannot be defined without bench 
and pilot scale tests. A significant potential problem with Alternative 4 (steam stripping) 
is that the augers used to treat the waste could puncture the clay confining layer and 
introduce contaminants into the lower aquifer. 

I 

Residual concentrations of contaminants in waste r~main in the ground after treatment 
with Alternatives 2, 4 and 5. Alternative 2 would be least effective in removing 
contaminants from waste, and long term maintenance and monitoring would be required 
to document long term performance. Alternative 5 would remoVe the majority of VOC 
contaminants and some SVOC contaminants. The residual contaminants that would 
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remain would be relatively immobile in soil and groundwater. Therefore, in the long 
term, there would be less Uncertainty associated with Alternative 5 than Alternative 2. 
Alternative 4 would address both VQC and SVOC contaminants. Therefore, if wastes at 
the site were excavated under a future exposure scenario, the risks. for dermal contact 
would be greater for Alternative 2 than Alternatives 4 and 5. There would be no risk for 
Alternatives 3, 6, 7 and 8 because the waste would be excavated and treated. 

The contaminated soils at the Site do not pose a risk to human health unless there is 
direct contact or ingestion of the waste. Currently, the Site iS fenced In unfenced areas, 
most of the contaminated soil is covered with soil or vegetation ~ there is little potential 
for either direct contact or ingestion. There are a few locations across the Site where 
contaminated soil is exposed at the ground surface. Alternative 1, the no action 
alternative, does nothing additional to prevent direct contact or ingestion of 

· contaminated soil. Alternative 2 provides additional cover material. Additional soil 
cover would be provided in areas where contaminated soil. is- exposed as a part of 
Alternative 3. The effectiveness of Alternative 2 is dependent on the cover material and 
slurry wall performing adequately for a long period. Proper maintenance of the cover 
and monitoring of groundwater outside the slurry wall would need to continue in the 

.. long term. Therefore, there is more uncertainty with this alternative than others. 

Alternatives 4 thru 8 provide additional treatment of contaminated soils at the Site. In 
Alternatives 7 A, 7B, SA, and 8B, contaminated soils are excavated and treated on-Site as 
described in Section 5.1. In the long term, alternatives that include removal and 
treatment of waste will probably result in lower residual concentrations of contaminants. 
Therefore, the potential for problems ·with long term maintenance will be lower. 
However, this must be compared to the short term problems of excavation and treatment 
of large volumes of potentially incompatible waste. Alternative 4 uses in-situ steam 
stripping to remove contaminants from the soils and Alternative 5 uses soil vapor 
extraction. Some of the alternatives would more completely destroy certain 
contaminants in the soils, and the residual levels of contaminants are lower in some of 
the alternatives. Because all of the alternatives would treat the more mobile compounds 
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in the soil and direct contact, and ingestion is· prevented by the fact that the 
contaminated soils are primarily subsw:face, none of these alternatives are considered 
more effective than the others. Residual levels of contaminants would remain in site 
soils after tr~atment for AlterJlatives 2, 3, 4, 5, 6 and 8. Therefore, if soils were 
excavated under a future exposure scenario, the risks for these alternatives would be 
greater than for Alternative 7. 

The least protective alternatives relative to potential future excavation of soil would be . 
Al~ematives 2 and 3. Alternatives 5 and 6 would be equally protective because each 
utilizes soil vapor extraction however, Alternative 4 may provide additional protection 
because this technology would be applicable to more types of contaminants. 

5.4 RedndJcm o[Toxklty. Mobility or Yolme Dtmua Treatment 
Alternative 1, the no action alternative, does nothing to reduce the toxicity, mobility or ~' 

volume through treatment ·ne mobility of contaminants is prevented in Alternatives 2 · '.Z. 

thru 8 because the groundwater pump and treat system would collect and treat any 
contaminants that migrate to the groundwater beneath the Site. Both the toxicity and 
volume of a wide range of contaminants in the groundwater would also be· reduced in 
time as contaminants are removed With the groundwater and treated. 

The toxicity and volume of contaminants in the waste at the Site are not reduced by 
Alternative 1, the no action alternative. Both the volume and toxicity of contaminants in 
the waste arf(.reduced by Alternatives 2 thrn' 8. In Alternative 2, the toxicity and volume 
of off-Site contaminants in the upper aquifer are reduced by flushing with groundwater 
and trea~ent in the groUndwater treatment system. On-Site contaminants would not be 
significantly reduced by this alternative. The toxicity and volume of contaminants in· 
wastes are reduced in Alternatives 3A, 3B, 4, 5, 6A, 6B, 7 A, 7B, 8A, and 8B as described 
in Section 5.1. The probable greatest reduction in volume would occur with high 
temperature incineration (3A, 6A, and 7 A}. The reduction in volume for low 
temperature thermal (3B, 6B, 7B), steam stripping (4);vapor extraction (5), landfarming 
(SA), and slurry-phase biological treatment (8B), would have to be determined with 
bench and pilot scale testing. 
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. Low temperature thennal treatment, vapor extraction, slurry-phase biological treatment, 
landfarming, and steam stripping may not reduce the toxicity or volume of some 
semivolatile compounds. In addition, none of the alternatives reduces the toxicity or 
volume of heavy metals in the waste. However, both the semivolatile organic 
compounds and heavy metals tend to be immobilized through adsorption to soil. 

The toxicity and volume of contaminants in soil are reduced in Alternatives 2 thru 8.. 
Alternatives 2, 3A, and 3B flush contaminants below the water table as described above 
for waste. Alternative 4 steam strips contaminants in soil water. Vapor extraction is 
utilized in Alternatives 5 and 6 to reduce the volume and. toxicity of contaminants in soil. 
The toxicity and voliime of contaminants in soil are reduced in Alternatives 7 A, 7B, 8A, 
and 8B by excavation and op-Site high temperature thermal treatment, low temperature 
thermal treatment, slurry-phase biological treatment and landf~g, respectively. 

' 

Alternative 2 would have the highest residual concentrations of contaminants and 
longest time to implement. Alternative 3 would have a significantly lower level of 

residual contaminants, but the implementation time is equivalent to Alternative 2. 
Alternatives 4 and 5 may have similar residual levels of contaminants that are lower than 

Alternatives 2 and 3, and similar implementation times that are shorter than Alternatives 
2 and 3. Alternatives 6 and 8 have lower residual concentrations of contaminants than 
Alternatives 2 through 5, and a similar implementation time to Alternatives 4 and 5. 
Alternatives 7 has the lowest residual concentration of contaminants and shortest 

implementation time. 

S.S Short-Tenn Elrectiyegess 

The primary migration pathway away from the Site is groundwater. The no action 

alternative does nothing .to prevent the continued migration of contaminants from the 

Site. Alternatives 2 thru 8 cut off the groundwater migration pathway by the installation 

of a groundwater pump and treat system. Each of Alternatives 2 thru 8 would be equally 

effective in containing the groundwater pathway within about one to two years. 
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Nearby residents, AcS workers and remediation contract or workers could be exposed to 
airborne particulates or volatilized VOCs during excavation and material handling 
activities associated with Alternatives 3, 6, 7; and 8. This would be exacerbated during 
hot weather conditions in the summer. To prevent oflLSite migration of VOCs through 

the air, excavation activities may have to be severely restricted during some parts of the 
year. Small quantities of contaminated materials could be spilled over the surface of the 
Site during transfer to the soil staging area. Exposures would occur over a much shorter 
period for Alternatives 3 and 6, which invOlve the excavation of buried waste only. 
Alternative 4 (steam stripping) and AlternativeS (vapor extraction) are conducted in
situ so that volatilization is controlled. 

5.§ Iumlementablllty 
Alternatives 1 and 2, which involve no action or containment,.would be the easiest to 
implement Alternatives 3, 5, 6, 7, and 8 jnvolve proven technologies which have been 
selected in numerous CERCLA RODst Applications of low temperature thermal 

treatment (Alternatives 3B, 6B, and 7B), have been shawn to be effective for a wide 
range of contaminant matrices. Biological treatment (Alternative 8) bas y~t to be 
demonstrated on a contaminant matrix o~ scale analogous to the ACS Site. Extensive 
treatability studies would be required to evaluate potentiar biological treatment 
mechanisms. Steam stripping (Aiternativ~ 4) ·has yet to be demonstrated on full scale 
soil and waste cleanups. There is one known vendor at the present time for in-situ steam 
stripping. 

5.7 Cost 

· Capital, annual O&M and net present worth costs are presented in Table 4-16 and 
Appendix B. 

5.8 Summaa 

All of the alternatives that have been considered address groundwater, the primary 
migration pathway from the Site, as well as waste and contaminated soils at the site. 
Although the residual levels of contaminants that will remain after treatment are 
different for the various alternatives, the majority of the remaining contaminants are 

semivolatile. organic compounds and metals. Because these compounds do not migrate 
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readily, they will not result in" additional groundwater contamination leaving the site. In 
addition, all of the alternatives include covering contaminated soils at the ground 
surface, so direct contact with contaminated soil or waste is prevented. Therefore, . 
although different residual levels of contaminants would be present, in the current use 
scenario, all of the alternatives are effective. 

Alternatives that treat waste and soil in-situ, even if they leave S()me residual levels of 
SVOCs and metals, may provide the best balance of reducing both actual and potential 
risk at the site. Because of the large volume of VOCs at the site, excavation of waste and 
soil would result in the release of VOCs to the atmosphere. In hot :weather, 
volatilization could be very difficult to both predict and control In additien, the drums 
and waste at the site were disposed of in a random fashion. Although the contaminants 
appear to be in an equilibrium ~te now, excavation could cause mixing of incompau"ble 
wastes with resulting risk to wor~ers and residents in the area. 

Alternatives 2, 3, 4, 5, 6, 7 and 8 use technologies to contain or treat waste and soils. For 
Alternative 2, there is little risk to workers because no excavation is involved, but it 
provides little reduction in contaminant levels in the long term. Alternatives 3 and 6 
have more risk to workers because significant ex~vation occurs, but residual levels of 
contaminants are lower in the long term. There is a disadvantage to Alternative 4 
because the augers that would be used to pump steam into the ground could puncture 
the clay confining layer and introduce contaminants to the lower aquifer. Therefore, 
although long term reductioJJS in contaminant levels would be achieved, the short term · 

risks may be unacceptable. 

Alternative 7 provides the greatest reduction of contaminants in the long term, but the 
greatest potential exposure in the short term because both soils and waste are excavated. 
Alternative 8 also includes excavation of both soils and waste so that short term risks are 
higher. In addition, the treatment costs for these alternatives are also the most sensitive 
to increases in the volume of materials to ,be treated because they are directly related to 
material handling requirements. 
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Alternative-5 is considered' to have an advantage because the most mobile contaminants 
in both the waste and soil will be removed in-situ and workers or residents would not be 
exposed to contaminants. Treatability studies will be needed to assess vapor extraction 
for wastes at the site. These can be conducted within early stages of operation as the 
system is used to treat contaminated soils. 
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Table3-5b 

Total Costs for Buried Waste agd Soil P!""'s Oj)tions 

Literature 
ProcesS Oj)tlcml IInll Cill (I} 
I. Buried Waste 

LandFarm2 $90 
S~-Phase Bior~<]f2,3 $150 
On- 1te Incineration

2 
$250 

Off-Site Incineration $1500 
On-Site Low Temp permai2 $140 
In-Situ Vitrification $375 

n. In-Situ Treatment of Buried Waste, 
Soil and Groundwater 

Biologica12 g6 $130 
Steam Strippin $300 

Ill. Above-Ground Soil Tteatment 

LandFarm2 $90 
Sl:sr,·Phas~ Bior~aS,<f2,3 $150 
On- 1te Incmeration $250 
Off-Site Incineration2 $1500 
On-Site Low Temp Thermai2 $125 
Above-~und Vapor ~Fon NA 
Critical uids Extraction $100 

IV. In-Situ Soil Treatment 

In-Situ Vapor Extraction with 
2 $67 V~r Phase Car~ Adsorption 

In- itu Vitrification $375 
In-Situ Radio Frequency5 $220 

NA - Ullit Celt Not Available in literature 

~ Soil acavatioo ,ccJIII arc DOt included in cost atimatcs for above:-around IOil 
treatment cas optioaa. Unit COlli include primary cquipmcau and 
iDAaDation, , raw materials and utiliticl. 

2. Unit Galt obtained fi'OQI literature. R.cfCI' to ~ibliopapby at end of Section 
· 3.0. for a lilt of references UIOd to evaluate procesa optlODS and develop CCllt 

Cltimatcl. . 
3. Unit colt docs not include costa auociatcd with bioloJical sludac 

JDI~t. 
4. Unit COlt docl DOt indudc c:osts IIIIOdatcd with residuals dispolal. 
S. IIHitu radio ~~ unit COlt il based on in~tu vltrifK:alioa unit c:osl and 

cftlioeerial daiP calculaticml and 'ud cnt. 
6. IJHitu steam ~tripping uait COlt ill al:.tcd llliDJ similar iiHitu treatment 

tecbnoloJY unit COitiUd CDJinceriDJ dclip caltulationi and jud~nt. 
7. ' Unit COlt& coaverted fJom a pCI' toa to pCI' cubic yard bail by multiplyinJ by 

1.48 toas. per cubic yard, aJIIMI'aF built density ol IOil. 

Uterature 
Unl& Balli 

cubic yard 
cubic yard 

ton 
ton 
ton 
ton 

cubic yard 
cubic yard 

cubic yard 
cubic yard 

ton 
ton 
ton 
NA 

cubic yard 

ton 
ton 

cubic yard 

Unit Cost 
Per Cubie YanJ7 

£1laa!dl 
, 

$90 
$150 
$370 
$2220 
$185 
$555 

$130 
$300 

$90 
$150 
$370 

$2220 
$185 
NA 
$100 

$100 
$555 
$220 
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Tablel-1-

Process Options Pusing Teehnolo&J Screening 
American Chemical Senlc:es 

General 
Response 
Aetion 

Groundwater and Surface Water 

No Action 

Institutional Measures 

Containment 

- Direct Treatment Onsite 

Offsite Treatment 

In-Situ Treatment 

Treated Water Discharge · 
- I 

GrHftth, Indiana 

Remedlal 
Teclmolou 

None 

Deed Restriction 
WellOosure 
Monitoring 

Vertical Barriers 

EXtraction/Collection 

Biological 

Chemical 

Physical 

BiologicaJ. 

Biological 

Physical 

Offsite Discharge 
. Onsite Discharge 

-Process 
Qgtlon 

None 

None 
None 
None 

Soil/Bentonite Slurry Wall 
Cement/Bentonite Slurry Wall 
Extraction WeDs 
Pipe and Media Drains 

Aerobic: 
Anaerobic: 
Floc:culation
Precipitation 
Oxidation 
Photolysis 
Reduction 
Filtration 
Air Stripping 
Steam Stripping 
Carbon Adsorption 
Ion Exchange 

POTW 

Aerobic: 
Anaerobic: 
Steam Stripping 

POTW 
Recharge Wells 
Surface Water Outfall 
Discharge to Wetlands 



Table 2-1 (c:oatillued) 
...... 

General 

~Die Remedial Process 
Teghpoloay Option 

Buried Waste 

No Action None None 

Access Restrictions Deed Restrictions · None 
Fence None -

Removal Biological Bioreactor /Land Farming 
' Thermal On and Offsite Incineration . 
: _v On and Offsite Low Temperature 

In-Situ Treatment Biological Aerobic 
.... Anaerobic 

Physical Vitrification 
Vapor Extraction - Containment Cap OayandSoil 
Multimedia 

.... Soils and Sediments 

NoAdiori None None 
• 

Access Restrictions Deed Restrictions None 
\_,, Fence None - Trespassing Restrictions None 

Removal Biological Bioreactor /Land Farming 
Thermal On and Offsite Incineration 

Physical 
On and Offsite Low Temperature 
Vapor Extraction 
Solvent Extraction 
Fwttion 

Land Disposal On and Offsite RCRA Landfill 

In-Situ Treatment Biological Aerobic 
Anaerobic 

Physical Vapor Extraction 
Vitrification 
Fwttion 
Radio·Freq\lency 
Steam Stripping 

Containment Cap' Cay and Soil 
Multimedia 

Stabilization Revegetation 



Table 2-1 (continued) 

General. :se Remedial Proeess 
T«hpoJo&.y OptloR 

TandfiU 

No Action None None 

Institutional Monitoring None 
Measures - ·Fence None 

~v 
Deed Restrictions None 

Containment Cover Soil 

....... Cap - Single Layer 
MultiLayer 

..... Leachate On-Site Same as 
Removal and Disposal Treatment Groundwater 

Off-Site Discharge to POTW ...... 
Treatment 

.'-....../ 

-
- V2S1.~PS/MSR Table 2-1 
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No action; 

Tablel-2 

Alternatives To Be Screened 
American Cbemleal Services 

Griftlth, Indiana 

Slurry wall site; and groundwater pumping and treatment outside of slurry wall; 
. ' . 

Excavation and treatment of buried waste; and groundwater pumping and 
treatment; 

Groundwater pumping and treatment; 

In-situ treatment of the buried waste, soils and groundwater; and groundwater 
pumping and treatment; 

In-situ 'treatment of buried waste and soils; and groundwater pumping and 
treatment; 

Excavation and treatment of butied waste; in-situ treatment of soils; and 
groundwater pumping and treatment; and 

Excavation and treatment of buried waste and soils; and groundwater pumping 
and treatment. 

V2S1.30-FS/MSR Table 2-2 



( ( ( ( .( r -- r ·- r -- r r ·-· ( 
-- r [ r r 

TABLE2-3 
( ( 

Alterutivo Development Matrix 
American Chemical Sorvic:ea 
Griffllh, Indiana 

SoiiiiSeclimalts with 
Buriocl SoiiiiSedimenta with Soilt/Sedlmeata with VOCe, SVOCe, PCB• 

AltenWivo Groundwater (1) Wuto(2) voc. " svoc. (3) VOCe, SVOCe A PCBa (4J and Metal• (S) 

-
' 

-
I. No action No action No action No action Noac:tioa Noldlon 

II. Slurry wall site; lllld Slurry walllllld Natural flueldAg Natural t1Dshin& Natural Oullhing, Naturalfiulhlna, 
groundwater pumping •• UV oxidation, cover cover 
and treatmeat b. carbon adsorptioa, 
outeide elurry c. air or Iteam 

wall .. ltrippiD&, 
d. blolop:al 

~.or 
e. off-aite 

. dtec:harge to POTW. 

III. Exc:avation and •• uv Oldclatiun, Excavation and NaturalfiueldAg Natural Oushins, Natunl Oulhlna. 
tieatmeat of buried b. carboJl edeorption. f. oa-sito cover cover 
wutc;and c. air or Iteam IDcJaention, 

sroun<~water pumping ltrippiD&, 8· off-do 
and treatJDOIIl d. biolop:al iocincntlon, or 

tnlltmeal, or h. biolo&ical 
e. off-alto u.tmeat. 

diecharge to POTW. 

IV. Groundwater pumping •• UV oxidatioa, Natural Ouehlng Nllllral Ouehiq Natural Rushing, Natunl Ouehlng, 
and treatment b. carbo& cover cover 

adeorptlon, -
c. airorlteaQl 

ltrlpplqlcarbon-
adiiOiplion, 

d. blolo&ical 
tn:atment, or 

e. off-site 
discharse to POTW. 



( 
TABLB2-3 

.A1temative Development Matrix 
American Chemical Services 

Grifflth, Indiana 

Alternative 

v. In-situ treatm.eat •• 
ofburi4;d wute, 
aoil1 and groundwater; b. 
and groundwater 

p1111lpiDJ IIlii 
treatment 

VI. In71itu treatment •• 
of buried wute IIlii b. 
1011•; and c. 
groundwater pumpin& 
and treatment d. 

e. 

vn. Excavation and •• 
treatment of buried b. 
wute; ill-aitu 

tr~cut of IOII1; c. 
and poundwtlter 

pumpill& and - d. 
treetmalt 

e. 

r· r 
( 

Buried 
Groundwater (I) Wute(2) 

-

Biological c. Biological 
treatment, or treatmeat, or 
Iteam ltripping. d. Iteam llripplq. 

uv cmdation, f. Vitrification, or 
carbon aclaorptioa, &· vapor atractioa. 

air or Iteam 

ltrippia&, 
bioJoJical . 

treatmellt, or 
off -.it& 
dlacharp to POTW. 

uv oxidation, Jhcavatlcm. and 
carbon f. on-alte 
edaorption, illciaentioll, 

air or Iteam &· off-de 
ltrippiq, illcfnentJoll, or 
bioloJical h. biolop:al 
treatment, or treatmeat. 
off-ate 
dllclwgc to POTW. 

. 

( -- r ( .. -- ( -- r ( r ( 

( 

Soila/SodfiiiCIIIta with 
Soiii/Sedimeata with SoUIISedimeatl with VOC., SVOCa, PCBa 
voc. & svoc. (3) VOCa, SVOCa & PCBI (4) and Metal• (S) 

I 

e . BJolop:.l I· BJoloaical i. Biolop:al 
treatment, 01' treatmeat, or treatmeat, or 

f. Iteam lltrippiq. h. lteulltrippJB&. j. Iteam lltripplq. 

h. VltriRcatloa., or j . Vitrific:atlon, or 1. Vltrificatioll,or 
L vapor atractiou. k. vapor atrettlon. m. vapor olttractioD 

with fbratloa. 
ofmetala. 

' 

i. Vapor atnc:tlo.a, Jl • Vapor cxtnctioa •• Vapor atnctioa 

j. Iteam~. with fwtion of PCBI, wMit fixatioa of PCB1 

~ bialoabl o. Iteam ltripplq and metal~, 
treatmeal, with flDtioa of PCB1, t. ~tnam ltrlpplna with 

I. vlriftcatioa, or P· biolop:al treatJileld .ftxatJoD of PCBI 
m. ndlo frequeacy. with fixation of PCBI, aad mcala, 

q. vitrification, or u. lrioiOJ~ treatment . 
r. radio frequency with flutioa 

with fiDtlon of PCBa. ofmetal1, 
v • vitriAcation, or 

# 

w. radio f~ with 
flxation of PCB1 
and metals. 
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T.ABLB2-3 

Altemative 
I 

( ( 

Oroundwater (1) 

( 
.-. 

( 
.. 

( 

( 

Buried 
Wate(2) 

vm. Excavation and a. UV oxidation, Excavatioa. and 
treatmeat of buried b. carboft f. 
wate aod 10il1; and admrptioa, 

8fOUDClwater pumpiq c. lit or Iteam I· 
aad treatment lttippJDa, 

d. biological h. 
treltalent, or 

e. off-de 
dllcharp to POTW. 

Notea: 
· (1) Includel all area~ of the lite. 

(2) lnclucla On- and Oft'-Sit. CoataiDmcat Areal and Still Bottoms 
Pond/TreatmeDt LaJOOD Area. 

(3) lncluda On- and Off-Site Coatainmeal Areal, StDl Bottoms 
Pond/Treatment Lasooa An:a end Klpica/PIZIIIC)' Area. 

(4) Includellimited IOil volume~ end areu within all of the 
locatloal deacribed In Note 2 lbove. 

(S) lnclUdel Kapic:aiPumey Area only. 

V251'.30-FSIMSR. Table 2-3 

on-do 

ladaentloa, 
off-lito 
lac:inerltioo, or 
biolop:.t 
treatmellt. 

r - .{ ~--· r - r -~ ( ·- { (' r 
( 

SoUIISedimeats with 
SoiWSodimcnta wJth SoUIISecHIIIaltl with VOC1, SVOC., PCB• 
VOC1 A SVOC1 (3) VOC., SVOC. A PCB1 (41 aod Metab (5) 

i. On or off-do a. On or oft-lite r. On 01' off-lite 
iac:lnentioa, taciaetation, lnciDentioa with 

J. on or off- o. vapoi extndlon with flutloG of metal•, 
lite low temp PCB 1ilratkiD, •• vapor/ltl:am . 
tbarmal, P· IOlveat eldnCtlon wfdl 

k. vapor cadnletlon, extrlldioa, 01' ftutlonof 
1. lolvCIIIt q. biological PCBI and metals, 

ulnctioa, or treetmeat. t. IIOlveat extractloD. -~ 
m. bialopcal ftutloa of llldall, or 

treatmeat. u. biolopcal treatment 

with ftutloa of metal•. 
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TABLE 3-1 
PHYSICAL COIISTMTS FOR TARGET COMPOUNDS 

AMERICM CHEMICAL SERVICES 
GRIFFITH, INDIANA 

Target Molecular Weight Bolltng Vapor Presaure Henry'• lew 1,3 Solubflttl log log 
Cqgynd llal.lllll l 1 ealoSISJ1 (..tta) 1,3 . Cons~- (lt.-e"illlz]l) lslll 1• l5a.! fac! 
Benzene 78 80 95 .00559 1,75G 2.12 3.58 
Benzoic Acid 122 249 .0045 7 .OE-8· 2,700 1.87 3.70 
Bts(2-chloroethyl) ether 143 178 1.55 1.31£-7 10,200 1.50 3.30 
Bls(2-ethylhexyl) phthalate 391 230 6.45E-6 l.1E-5 0~3 5.11 5.70 
Ch 1 oroethane 65 12 7&6 .0148 5,740 1.54 2.80 
Chlorofol"'l 119 62 246 .00287 8,200 1.97 3.60 
1,2-Dichlorobenzene 147 181 1.47 .00193 100 3.60 4.90 
Dl·n-butylphthalatt 278 340 1.4E-5 2.82£-7 13 5.60 5.30 

, Isophorone 138 214 0.38 5.8E-6 12,000 2.22 3.75 
Methyl Ethyl Ketone 72 80 91 2.74£-5 268,000 0.26 2.25 
4-Methylphenol 108 202 0.13 1.10E-6 31,000 1.97 NA 
Naphthalene 128 218 .082 .000483 32 3.30 5.20 
PCBs 328 350 4._05E-5 .00107 .0310 6.04 6.00 
Tetrachloroethane 166 121 18 .02St 150 2.60 5.40 
Toluene I 92 111 28 .00637 535 2.73 2.88 
1,1,1-Trlchloroethane 133 74 124 .0144 1,500 2.50 4.20 
Vfnyl Chloride 63 -14 2660 .0819 2,670 ' 1.~ fiA 

NA - Not available 

Jlglu: 
1. Physical constants obtained froM U.S. EPA (1986) and Howard (1990) 
2. log pac data obtained froM Verschueren (1983) 
3. Henry's law constant, vapor pressure and solublltty data based on t~~~peratures of 200C or 250C. 
4. Physical constants for inorganic Ntals target compounds have not bMn Included. at nee the prel111tnary screening analyst• dtd not requt re this data. 

V251.30-FS/HSR Table 3-1* 
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Location 

Within 100-year floodplain 

Within floodplain 

Area affecting streM or 
river 

Effluent to st rea11 or 
river 

Underground Waters 

Wetlands 

r [ r r ·r r ·- c r r 
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TABLE 3-2 
SELECTED LOCATION - SPECIFIC POTENTIAL, APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

AMERICAN CHEMICAL SERVICES 
&RIFFITH, liDIANA 

Reqytrwnts 

Factl tty a~st be designed, constw:ucted, operated, 
and Mlntained to avoid washout 

Landfill unit IMist be conatructed/designed luch 
that tt h not in the 100-year 'floodplain. 
Variances •Y be granted based on adverse effects. 

Action to avoid adverae effects, 11ini11tze 
potential har., restore and preserve natural and 
beneficial values 

Approval by Indiana DfiR, Division of Water for 
plans fnvolvfng construction, excavation, or fill 
tn a floodplain. 

Action to protect ffsh or wildlife 

Site spectftc water ,ualtty standards for direct 
discharge of pol utants. per IDEM, OVM 
interpretation based on U • .$. EPA Allbtent Water 
Quality Criteria 

Mini~ Vater Quality Conditions for all waters of 
the state, standards for public drinking water and 
water for industrial use 

Site specific operating permit requirements for 
acthfttes whtch IJIPICt wetlands 

Preregyisites for Applfctbility 

RCRA hazardous waste; treatMnt, storage or 
dlspoul 

Soltd or hazardous waste pel'llit appltcatton 

Action that will occur in a floodplain, t.e., 
lowlands, and relatfvely flat areas of adjohitng 
inland and coast«l waters and other flood prone 
areas 

Activities that will occur i~ a floodplain 

Diversion, channeling, or other acttvtty that 
IIOdfftes a st...- or rfver and affects fflh or 
wtldltfe 

Discharge of pollutants to the state's strte~~~ and 
rivers 

Activities affecting the quality of waters of the 
state 

Activities in wetlands 

Cltatlgn 

40 CFR 264.18(1)) 
329 lAC 3-41-9(b) 

[ 

IDEM, OSHVU per11it 
requt..-.ts 

Protection of floodplains 
(40 CFR 6, Appendix A); 
F i 1 h a n d V l:l d 1 i f e 
Coordination Act (16 USC 
661 et seq); 40 CFR 6.302 

IC 13-22-2 

F i I h 1 n d V.t 1 d 1 t f e 
Coordlnattan Act (16 USC 
661 et seq); 40 CFR 6.302 

327 lAC 2-1 
327 lAC 2-1-6(b) 
327 lAC 5 

330 lAC 1-1-&(a) 
327 lAC 2-1-7 
327 lAC 2-1-&(f) 
327 lAC 2-1-6(g) 

U.S. Ar•y Corps of 
Engineers per111t; 
Certtftcatton by the State 
water Quality Surveillance 
Standards Branch; Indiana 
DIIR Dtvts ion of Vater 
Requtraents 



r r 

location 

A .... Atmosphere 

V251.30-FS/MSR Table 3·2* 
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SELECTED LOCATION - SPECI~ ~OTENTIAL, APPLICABLE OR RELEVANT AND APPR _.ATE REQUIREMENTS 
AMERICAN CHEMICAL SERVICES 

GRIFFITH, INDIANA 

Requtrwnts 

Site specific operating penatt requtraaents for 
.. tsstons of YOCs 

Potent tal TBC 

PMlO portfon of particulate •tter IIIUSt ... t 
National AMbient Atr Qualtty Standards 

Fugtttve dust fi'CIII sotl handling 11 subject to 
off-stte opacity lt•tts 

Prerequisites tor Applicability 

Atr •lsstons of YOCs sufficient for state rules 
to apply 

Public health excess Hfett• cancer rtlk of lOE-6 
exceeded 

New rules developed and approved for toxic atr 
•tsatons by the Air Pollution Control Board prior 
to applicable ra.edtal acttana 

PMlO •t11tons MY be subject to control. tcr 
prevent .. tastona of dangeroua chlatcals or ga ... 
an a case-by-case bash 

Fugitive duat IIIUst be controlled 

r 

Cttatton 

326 lAC 2-1 
326 lAC 8-1 

U.S. EPA requtre~ent 

Rules •• developed and 
approved 

326 lAC 4-2 

326 lAC 6-4 and 6-5 



6ill5m 
Air ~issions from On-Site 
Treatment Operations 

Closure with Post-Closure 
Care 

Cloture with No Post
Cloture Care (e.g., Clean 
Closure) 

r r . r r r 
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SELECTED ACTION - SPECIFIC POTENTIAL, APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 
AMERICAN CHEMICAL SERVICES 

GRIFFITH, INDIANA 

Reqyfrwntl 

National pri111ry and secendary Ulbient atr quality 
standards for sulfur dioxide, particulate .. tter, 
carbon JIOnoxtde, volatile organtc COIIpounds, 
nitrogen dioxide, arsenic and lead are 
estab 11 ahed. 

Regulations listing sta~rds for eight hazardous 
at r po 11 utanh. along wtth the 110nttort ng, 
te1ttng, reporting. and recordkeeping requi~ts 
for each. 

Construction and operating pe1Wit requt..-nta for 
a source of regulated pollutants. 

BACT required for VOC treat.nt. 

Multt-layer cap for closure; •tnt•• 3G-year 
groundwater 110nttortng and a post-closure care 
plan; surface water controls for .ater contacting 
active face and for any leachate 

Potential TBC-Proposed RCRA Corrective Action 
rules for closure of an Jntert11 Status factlity. 

6enera1 perfonnance standard require• elt11tnatton 
of need for further .. intenance and control; 
elt11ination of post-closure escar. of hazardous 
waste, haurdous conttttuen s, leachate, 
conta11inated run-off. or hazardous waste 
decomposition products. 

Di.tposal or deconta11tnation of equip11ent, 
structures. and soils. 

R..,val or decontll!llfnatton of all waste residues, 
conta~~inated conta1DIIInt syst• ccmponents (e.g., 
ltners, dikes) •. conta~~tnated tubtoils, and 
structures and equt....,t conta•tnated with waste 
and leachate, and lllnav-tt of thM as hazardous 
waste. 

Meet health-based levels at unit. 

Potentia 1 TBC-Proposed RCRA CorrecU ve Action 
rules for closure of an In~ertm ~tatus factlfty". 

Pr!requfsites fqr Applicability 

Air •hstons of sulfur dioxide, particulate 
•tter. carbon 110110xide. ozone, nitrogen dioxide, 
end lead. 

Atr •tssions of ·asbestos, benzene. beryllt .. , 
coke oven e~~issions, inorganic arsenic, 111rcury, 
radionucltdu. and vinyl chlor,de. 

Atr e~~tsstons of Vots and particulate .. tter 

New source wtth VOC •isstons greater than 25 tons 
per JUr. 

Appltcable for closure in place of wastes 
regulated under RCRA provhton• 

May be applicable tf 1oth and groundwater 
residual cont•tnatiorr following the ca~~pletion of 
reMdial action acttvitiel exceed establtthed 
health-based cleanup objectives. 

Appltcable to land-bal-.d untt containing. haziardoul 
.atte. Appltuble to RCRA hazardout .aste (listed 
or characterhttc) placed at 1tte after the 
effective data of the requlre~ent• or placed tnto 
anott.r unit. Hot appltcable to .. tertal treated, 
atored. or disposed only before the effective date 
of the requt..-.ta, or tf treated tn-•ttu. or 
contolfdated wtthln areu of conta11lnatton. 
Deatgned for cleanup that wtll not require long
terll, .. nage~~Mt. Designed for cleanup to health
based standards. 

May apply to .surface hnpounct.nts and contafJ!Ir or 
tank Hners and hazardous waste rettdues, and to 
cont•tnated soil, including sotl fro~~~ dredging or 
sot l dt sturbed t n the course of drt 11 t·ng or 
excavation, and returned to land. 

May be applicable If soils and groundwater 
re1tdull contamtnatton following the c0111pletton of 

.reilltcffal actton acttv1tte• exceed establtshed 
health-based cleanup objectives. 

C1tattpn 

40 CFR 50.1 - 50.12 
326 lAC 1-3-4 

40 CFR 61.01 - 61.252 

326 lAC Arttcle 2-1 
40 CFR 264 Subpart AA and 
88 . 

326/IAC Article 8 

40 CFR 264 
329 IAC 3-45 and 3-46 

40 CFR 264 Subpart S 

40 CFR 264.111 
13 IC Arttcle 7 
329 lAC 3-46 

40 CFR 264.111 
40 CFR 264.178 
40 CFR 264.197 
40 CFR 264.288(o)(1) and 
40 CFR 264. 258 

40 CFR 264 Subpart S 
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Registration of Extraction 
Wells · 

Haiardous Waste 
Generation, Storage and 
Off-Site Disposal 

PCB 6enerat ion, Storage 
and Off-Site Disposal 

Hazardous Waste Tank 
Storage 

r r r c--- { r r 
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SELECTED ACTION - SPECIF~. OTENTIAL, APPLICABLE OR RElEVANT AND APPR~"TE REQUIREMENTS 
AMERICAN tHEMICAL SERVICES 

GRIFFITH, INDIANA 
Page 2 

Reqytrwota 

Extraction wel h •ust be regtstered and an 
al ternatfve water supply 11ust be provided to 
persons affected by the wells. 

Site IIIUst obtain a U.S. EPA identification nllllber 

Tank s~orage of hazardous .sate MUst meet design 
and storage requir-nts tri 40 CFR 264 Hated 
below, excluding closure raquir-.nta. 

Containers .tlf hazardocls waste .. at .. t storage 
requi~ts in 40 CfR 264 ltsted below, excluding 
secondary contain~ent and closure requtre.ents. 

Accu.ulation of hazardous waste can not exceed 90 
days. 

A Uniform Hazardo~n W&~te Mantfeat must be 
coJIIPleted for all off-site hazardoua waste 
shipmntl. 

Refer to 40 CFR 761 Subparts C and K and 761.60 

The tank 11aterial of construction •ust be 
compatible with the hazardoua wastes being stored 
in tt. 

lncC~~~pattble weates should not be 11ixed in the 
•-tank. 

Fl-ble or reactive •ste• should be buffered 
fr011 all potential ignttton sources and CCIIIIply 
with National Fire Protection Association buffer 
zone requirements 

The tank syst• .. at have sufficient structural 
integrity and ts acceptab 1 e hr storing and 
treattng hazardou• waste. Thf foundation, 
structural support. sea•a. connections and 
pressure controls lUSt be adequately destgned, and 
the tank syste• hu suff 1 dent s truct ura 1 
strength, compatibility wtth the waste to be 
stored or treated. and corrosion protection to 
ensure that tt wtll not collapse, rupture or fatl. 

Prereqytsttu for AppJt cabi U tx 

Extractton well(s) qualify as a "Significant Water 
Withdrawal Facility" 

&eneratton of RCRA hazardous wast• (Hated or 
characteristic) in ~· of 1000 ktlog.._ per 

• mnth .t\ich are stored on-aite for l•a than 90 
days prior to off-sfte dflposal. S.ll cwuanttty 
generaton are not subject to the 90-day lt11it (40 
CFR 262.34(c), (d) and (e)). 

Generation, storage and off-stte disposal of PCB 
soils and debris greater.than 50ppa. 

Storage of RCRA hazardoua waste . ( lt sted or 
charactertsttc) not •eettng 111111 quantfty 
generator crtterta held for a tl!llpOrary period 
greater than 90 days before treaa.nt, dtaposal, 
or a tor age ehewhere ( 40 CFR 264 .10). t n a 
container (i.e.. any portable device in which a 
111tertal ts stored, tranaported, disposed of, or 
handled). A generator who acciiiiUlatn or stores 
hazardous waste on-stte f.or 90 days or leas in 
c011plfance with 40 CFR 262.34(a)(l-4) 11 not 
subject to full ~CRA storage require~~ents. 

r 

cttatton 

IC-13-2-6.1 

40 CF1l 262.12 
'329 lAC 3-7-3 

40 CfR 262.34 
329 lAC 3-9-5 

40 CFR 262.34 
329 lAC 3-9-5 

40 CFR 262.34 
329 lAC 3-9-5 

40 CFR 262.20 
3Z9 lAC 3~8-1 

40 CFR 761 Subparts C and 
K, and 761.60 

40 ·CFR Z64 Subpart J 
329 lAC 3-49 
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SELECTED ACTION - SPECIF .-OTEITIAL, APPLICABLE OR RELEVANT AND APPR~-a"TE REQUIREMENTS 
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Reautrwntl 

In order to prevent the release of haza~ .. ste 
Into the envt~t. secondary contat.-st that 
ts designed, Installed and operated to prevent any 
-.tgratfon of waste out of the ayat• to the 
au.rroundtng envt~t at any tt• durtng the use 
of the tank syst• IIIUSt be provided. 

VOC •taaton control and ~~~~nttortng for atorage or 
treat.nt process vents or equtp~~nt leaka. 

The tank systn auat be provided wfth. a leat 
detec~ton syst• .dntgned and operated to detect 
the presence of a hazardous waste release or the 
fa 11 ure of et ther the prt111ry or aecondary 
contatn.ent atructure ~thtn a 24 hour pertod. 

Appropriate controll and practices auat be 
provided to prevent spills and overflows fl'OIII the 
tank snt•. 
Datly tnspecttons of tank· syst• CCIIIpOflents 11111t 
be docllleflted. 

At closure, the owner or operator IIUSt ramve or 
deconhatnate all waste residues, contufnated 
contatra.nt syste11 calllpOnlnts, cont•inated sons 
and structures and equipll!ent cont•tnated wtth 
waste. 

Stor•ge of banned waste aust be tn accordance wfth 
40 CFR 268. When such storage occurs bi)Ond one 
year, the owner/operator bears the burden of 
proving that such storage 11 solely for the 
purpose of acct~N~lattng sufficient quantities to 
allow for proper recovery, treataent, and 
dtsposal. 

Inclusion of new source perforaance standards for 
VOC •tastona. 

Prereqytsftes tor Appltgabtltty 

r 
Storage of hazardous wastes tn tanks or operation 
of treataent processes wht ch vent to the 
ablosphere. 

New tank ltorage wtth capacity in excess of 10.567 
gallons storing ltqutds with vapor pressure 
greater than 0.51 psta. 

r 

cttattoo 

40 CFR 264 
Subparts AA I 88 

40 CFR 268.50 

326 JAC 12 
40 CFR 60 
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Hazardous Waste Container 
Storage 

( r r r- r (-- r 
( TABLE 3-3 -( ~ 

SElECTED ACTION - SPECJF~ A>TENTIAL, APPliCABLE OR RElEVANT AND APPR~"TE REQUIREMENTS 
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Page 4 

Reqytrwnts 

Containers of RCRA hazardous waste •st be: 

Maintained In good condition; 

COIIIPitlble with hazardous waste to be stored; 
and 

Closed during storage (except to add or ra~DVe 
waste). 

Inapect contat ner atorage areaa weekly for 
deterioration. · 

Place containers on a sloped, crack-free base, and 
protect fr011 contact with accu-..lated ltqutd. 
Provide contaiiWBftt syat• wtth a capacity, of 10 
percent of the voluM of containers of free 
ltqulde. R11110ve eptlled or leaked waste In 1 
tiMely •anner to prevent overflow of the 
contah~~ent syst... ContalnR~ent ... t be able to 
contain leaks, aptlla, and other liquids tn the 
contal1111111t ,syat.. 

Keep containers of Ignitable or reactive waste at 
lHst 50 ft fro11 the fac11tty's property lfne. 

Keep I ncompattble •terlals separate. Separate 
Incompatible .. lertals stored near each other by a 
dike or other barrt~r. 

Run-on or rainwater In· the contah•ent •Y be 
hazardous, and handled a_s a hazardoua waste. 

At cloture, re110ve all hazardous wute and 
residues fro11 the contaln•ent syate•, and 
decont•lnant or riiiOVe all containers, liners. 

Storage of banned waste ••t be In accordance with 
40 CFR 268. When such atorage occura beyond one 
year, the owner/operator bears the burden of 
proving that such atotage Is solely for the 
purpose of acc'-!lattng aufflclent quantttln to 
allow. for proper recovery, treat•ent, and 
disposal. 

Preregytslttl fgr Applicability 

Storage of RCRA hazardous waste (Hated or 
characterfsttc) not •eetlng ... 11 quantity 
generator criteria held for • t111p0rary perfad 
greater than 90 days before treat.nt, dlaposal.
or storage elsewhere (40 CFR 26~.10), In a 
container (t .e., any portable device fn tllhlch a 
•terfal Ia atored, tranaported, disposed of, or 
hlndled). A a-erator who acc.-..l•tn or stores 
hazardous waste on-site for 90 days or lna In 
CCMIPlfance wtth 40 CFR 262.34(a)(1-4) fl not 
subject to full RCRA atorage requtr~M~nts. S..ll 
Quantity generator• are-not subject to the 90-day 
lt•tt (40 CFR 262.34 (c), (d), and (c)). 

{ 

40 CFR 264 
Subpart I 
329 lAC 3-48 

r 

40 CFR 268.50 
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PCB Container Storage 

Construction of fCew 
Hazardous Waste and PCB 
Landftll On-Stte 

Excavation 

( - ( r ( - . r- -- T 
. ( TABLE !-3 f 

SELECTED ACTIOfC - SPECIF .-OTENTIAL, APPLICABLE OR RELEVANT AID APPR~.ATE REQUIREMENTS 
AMERICAN CHEMICAl SERVICES 
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Requtrwnts 

Refer to 40 CFR 761.65 

MiniM Tw;fmlpgy RpitWQtl 

Install two Hners or ilore, a top 11ner that 
prevents waste •tgratton toto the 11ner, and a 
botta. 11ner that prevents waste •igratton through 
the 11nei".(b) 

lnstaJJ leachate collection syst- above arid 
between the 11 ners. 

Construct run-on 'and run-off control syst•s 
capable of hand11ng the peak discharge of a 25-
year stol'll. 

Control wind dispersal of particulates. 

Operation and ~~atntenance 

Close each cell wtth a ftnal c~er after. the last 
waste has been received. 

Establtsh and .. t TCLPs ustng BAT subject to land 
band requi r.antl. 

&rpynd!tter Mgnttoring 

Establish a detection ~ttortng progr• (264.98). 
Establtsh a coapltence ~ttortng progr .. ·(274.99) 
and corrective action IIOftttortng progr• (264.100) 
when required by 40 CFR 264.91. All ~ttortng 
progr•s 11ust IIHt RCRA genera 1 groundwlter 
.anttortng requfr818Dtl (264.97). 

Mov .. nt of excavated Materials to new location 
and plac-nt "tn or on land wtll trtgger land 
disposal restrtcttons for the excavated waste or 
closvre requfr-.nta for the Uhft tn whtch the 
waate tl befog placed. 

Area from whtch 111atertals are excavated uy 
require cleanup to levels established by closure 
requtraMnts. 

Prsregytattea fgr App1tclbtltty 

Storage of PCB aot 1 and debrt 1 greater than 50ppl 
fn contatnera prfor to on-sfte treat.ent or off
aft• diaposal. 

RCRA hazardous waste (lfated or charactertatic) 
and/or PCB sot 1 and debri 1 greater than 50 ,.
befog placed tn a new landfill. 

Creation of a new landftll untt to treat, atore, 
or dfapoae of RCRA hazardous wastea aa part of a 
response actfon. 

Materials contatntng RCRA hazardous waatea subject 
to land dtaposal reatrtcttons are pt.ced tn· 
another unt t. · 

RCRA hazardous waste placed at site. 

( ( 

Cttattgn 

40 CFR 761. 65 

40 CFR 264 Subpart N 

32t IAC a-sa 

!26 lAC 6-4 

40 CFR 268 

40 CFR 268 (Subpart D) 
!26 lAC 6-4 and 6-5 

See "Closure" Action to 
thts table 



Inctneratton of Hazardous 
Waste and PCBs 
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Regytrwnts Preregytstt11 for Appltcabtltty 

·( 

Analyze tt. waste feed. lnctneratfon of RCRA hazardous waste and/or PCB 
sot l and debrt a at a PCB concentration greater 
than 50 Jllll. 

Dispose of all hazardous waste and reafduea 
includfng ash, scrubber W.ter and scrubber sludge. 

No furtt.r requt,._.ts apply to Incinerators that 
only burn wastes that are Hated as hual"doc.ts 
solely by virtue of contalltnatton wfth other 
wastes, and tf the waste analysts ct.onatrates 
that no Appendix VIII constituent ta present that 
•t ght reaaonab l y be expected to be present. 

Perfo,.nce standards for incinerators: 

Achieve a destruction and ~WDVal efffctency of 
99 • 99 percent for each pr inc I pal organ 1 c 
hazardous constituent In tt. waste feed and 
99.9999 percent for dtoxtna; 

• Red~ce hydrogen- chloride •tastona to 1.89 
kg/hr or 1 percent of the HCL tn the stack 
gases before entering any pol lutfon control 
devft:es; and · 

llot release parttcuhte in excess of 180 
-v/daal correctltd for ...,.,nt of oxygen 1 n stack 
gas. 

Monttortng of various paraneters during operation 
of tt. trictnerator h required. Tt.se par-ters 
Include: 

ec.bustfon temperature; 
Waste feed rate; 
An tndtcator of COIIbustton gas velocity; and 
Carbon IIIOflOX f de . 

Control fugitive •tastons either by: 

Keeping cOIIbustton zane scaled; or 
· 14atntatntng CCIIIbuatton-zone pressure lower than 

ataosphere. 

Uti 11 ze automatic cut-off system to stop waste 
feed when operating conditions deviate. 

( r 

Cttattpn 

40 CFR 264 Subpart 0 
lAC 329 3-54 

40 CFR 264. 345 
326 IAC 4-2 



land Treatlllent 

( r--- ( - r 
SELECTED ACTION -·SPECIF~ TA8l£ 3-3 r 
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Reqytrwnts 

N•ttonal prt•ry and secondary llllbfent air quality 
standards for sulfur dioxide, particulate •tter, 
carbon 110noxlde, volatile organic CCJIIIPOUnds, 
nttrogen dtoxtde, and l•d are established. 

'Requt res owners or operators of Incineration 
factltttes to .anttor and test atr .. tastons for 
col!pltance wfth the a-tandard for particulate 
111tter. 

Prior to land treat.nt, the waste •st be treated 
to BOAT levela or ... t a no llfgratton atandard. 

Ensure that hazardous conatftuents are degraded, 
transfonlld, or lw.ob111zld wlthfn the treat.nt 
zone. 

Next- depth of treat.nt zone 111st be no .,,. 
than l.5 •ters (5 feet) f..- the tntttal sotl 
surface and 110re than ·1 ·•ter (3 feet) above the 
aeasonal htgh water table. 

Dellonstrate that hazardous constt tuents for each 
waste can be ca.pletely degraded, transformed, or 
1.-obtllzed fn the treat.ent zone. 

·Mfnfalze run-off of hazardous conatltuents. 

Maintain run-on/run-off control and 111na~t 
syst ... 

Special appltcatlon conditions tf foodchatn crops 
are grcM~ In or on treataent zone. 

Unsaturated zone .anltorlng. · 

Special requirements for Ignitable or reactive 
waste. 

Special requll'alllef'lts for lncOIIplttble wastes. 

Special testing and location requirements for 
certain hazardous wastes. 

Pttr!pUisltes tor Applicability 

A~r •t111ons of sulfur dioxide, particulate 
•tter, carbon aonoxlde, ozone, nitrogen dtoxide, 
and lead. 

RCRA hazardous waste being treated or placed Into 
another untt. 

RCRA waste Nos. F020, F021, F022, F023, F026, F027 
(dloxtn-contatnlng wastes). 

( r . 

Cltattoo 

40 CFR 50.1 - 50.12 

40 CFR 60.50 - 60.54 

40 CFR 264 -
Subparts K. l and .., 

329 lAC 3-50. 3·51 
and 3-SZ 



Surface Water Control 

TreatMnt of Hazardous 
Waste or PCBs (in a unit} 

PlaceMnt of Hazardous 
Waste tn Land Disposal 
Unit 

r r r r --- r ( -- r 
( 
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Reqylrwnta 

Prevent run-on anCt control and collect fi'OIII a 24-
hour 25-year aton1 (waate ptles, land treat.ent 
factltttn, landfills). 

Prevent over-topping of surface i..,auncillnt. 

Destgn and operating atandards for untt tn lllhtch 
hazardous waste Is treated. (See cttatton at 
rtght for design and operating requi..-nts for 
spectftc untt.) · 

Ltncl 11apoyl Rntrtctigns: 
Attain land disposal "treatMent standards" before 
putting w11te tnto landftll tn order to COIIIIPlY 
wfth land btn restrictions. A treat.ent atandard 
ean be etther: (1} a concentration level to be 
achieved (perfon~~nce-based): or (2} a spectfted 
technology that 11111t be used (technology-baaed). 
If the standard ta perfor•ance-baaed, any 
technology can be used to achfeve the standard. 
(See Trut.nt when waste wtll be land dtaposed.} 

Prtrepyisttl! tor Appltcabtltty 

RCRA hanrdous waste treated, atored, or dtapoad 
of after ·the effective date of the requi.._ts. 

Treat•nt of hazardoua wute or PCB sot 1 and 
debrts greater than 50 PPI In a unit. 

Plac..,.t of RCRA hazardous waste in a landftll, 
surface i!llpOUI'Idlent, waite ptle, Injection wall, 
land treat.ent faciltty, Stlt delle fo .... tton, iltlt 
bed fo ... tion, or underground .tne or cave. 

r r 

Citation 

40 CfR 214.251(c}, (d) 
40 CfR 254.273(c), (d) 
40 CFR 214.301(c), (d) 
329 lAC 3-51-2, 3-52-4 
and 3-53-2 

40 CfR 264.221(c) 

40 CfR 214.221 and 329 lAC 
3-50-2 (Surface 
I~ta} 
40 CFR 214.251 tncU29 lAC 
3-!1-2 (Wiate Ptl .. ) 
40 CFR .214.273 and 329 lAC 
3-52-4 (land Treat•nt 
lh\t} 
40 CFR 214.343-.345 and 
329 lAC 3-54-4 thru 3-54-6 
(lnctnerators) 
40. en 264.601 (Mtsc. 
Trea~t Untts} 
40 CfR 265.373 and 329 lAC 
3-30-Z (The.._l Treat.nt 
Units) 
40 CFR 781 Subpart 0 
(PCB Storage and Disposal) 
329 lAC 3-21 

40 CFR 268 (Subpart D) 



Discharge of Treat~~ent 
Syst• Effluent 
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Reqytrwotl 

aest Au1llble Tecbnolaay: 
Use of the best ava11able technology (BAT) 
econo~~tcally achievable ts required to control 
toxic and noncanventtonal po))utantl. Technology
based 11•1tattons •Y be dllten~tned on a cal8-by
ca•• basts. 

Vater pyaltty Sttnd!rd!: 
Applicable Federally approved State .. tar quality 
1tandardl IIISt be CCIIIP11ed wtth. TheM 1tandardl 
•Y be tn addttton to or IIOrt stringent than other 
Federal 1tandardl under the CVA. (k) 

Dt~eharge Jt•ttatton~ .,.t be ntabltshed at .ore 
stringent leY!h than technology-based standardS 
for toxtc pollutanta. 

D11Charge tn c011pltanca wtth the tnstructton1 of 
an on-~·coorCHnator or a state .-ployee acting 
tn a lt11tlar capacity, .tltch does not require an 
IIPDES pen1t t. 

Construction pen~it appltcattons for westewater 
treat.nt 

aest MwaWQt Pract1CU: 
Develop and 1111Pfa.nt a Best Manag.-t Practices 
P rogra• to prevent the re 1 eaae of toxic 
conltituents to surface .. tars. 

Tt. Best Mana,_-.t Practtcn progr• .ust: 

Establtlh speciftc procedures for tt. control 
of toxic and hlza~a pollutant 1ptll1. 

Include a predtctton of dtrectton, rate of 
flow, and total quanttty of toxic poJ1utant1 
where exper,ence indicates a reuonable 
potential for equipMent fatlure. 

Assure proper llllnla-ttt of 1ol1d and hlzardoas 
wute 1 n accordance wt th regulation• 
promulgated under RCRA. 

Pperepyl1ltes for Appllcab111ty 

Point source dtscharge to .. ten of the Untttd 
States. {f)(j) 

Factltty CCIIIII under the exclusionary provt1ton of 
327 lAC 5-2-3(a)(5) 

Proposed construction of -w .. tewater treatMnt 
factltty. 

. D11Charge to weters of the U.S. 

( r 

C1tat19!! 

40 CFR 122.44 
327 lAC 5 

40 CFR 122.44 
327 lAC 5-2-10 
40 CFR 131 
40 CFR 125-Subpart.:A 
40 CFR 122.44(c) 
327 lAC 5-2-9 
327 lAC 2-1 

327 lAC 5-2-3 
40 CFR 1510 
33 CFR 153.10(c) 

40 CFR 122.21 
IDEM, Office of Vater 
Mana~. 

40 CFR 125.100 

40 CFR 125.104 
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DtsGharge to Publicly 
Owned Treatment Vorks 
(POTV) 

V251.3D-FS/MSR Table 3-3* 
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Aequirwnts 

Approved test .. thods for waste conatttuent to be 
111011itored •st be followed. Detatled requir-.ta 
for analytical procedures and quality control are 
provided. 

Sa•ple preservation procedur .. , contatner 
Nteriala, and •xt ... allowable holding tiNa are 
prescribed. ' 

Comply with additional tubstantive conditions such 
aa: 

Duty to 11ftigate any aclverae effects of ·any 
discharge; and 

proper operation and •tntenance of treat.nt 
syst-. 

Discharge of pollutants that pass-through the POTV 
without treatMent, fnterfere wtth· POTV operatfon, 
cont•tnate POTV sludge, or endanger health/safety 
of POTV wrkera, Ia prohfbtted. 

Notiftcatton by the "-»nd POTV to the U.S. EPA 
of the new introduction of pollutants tnto the 
POTV by a dt rect dt scharger. 

Discharge •at COIIPlY wtth local POTV pretreablent 
progra11, tncludtng POTV h~aultc capacftfea, 
apect(Jc pollutants, apfll prevention progra• 
requf reMnta, and report f ng and .ant tort ng 
requf..-nta. 

Regulatory requfraents of the IDEM Offtce of 
Vater Manava-nt and Offtce of Atr Managaa~t 

AClA Per•tt-by-rule requtreMnta (tncludtng 
corrective actton where the lfPDES per.tt was 
tssuecl after lovaltler 8, 1984) 111at be COIIPlied 
wtth for dtacharge of RCRA hazardous wastes to 
POTVs. 

Prereqytsttes fpr Apoltcabtltty 

Indirect discharge to a POTV. 

The discharge of treated or untreated surface 
and/or groundwater fn. the ACS St te to the 
ltalondPOTV. 

Pretreat•nt factlttfes constructfon for water 
and/or atr a~taaions type facflftlaa 

Transport of RCRA hazardous weatea to POTVa by 
truck, rail, or dedicated pfpe. (t.e., pfpe solely 
dedicated for hazardous waste [as defined in 40 
CFR 264] which dtacharget fr011 wfthtn the 
boundutea of the CERCLA stte to wtthtn the 
boundaries of the POTV). 

r r ( 

CJtatton 

40 CFR 136.1-136.4 

40 CFR 122.41 

'40 CFR 403 

40 CFR 122.42(b) 

40 CFR 403.5 
327 lAC 5-11 thN 5-15 

326 lAC 8 

40 CFR 270.60 
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TABlE 3-4 
SELECTED CHEMICAL-SPECIFIC POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

AMERICAN CHEMICAL SERVICES 

Reqytrwnts 

Establ tshes Mlxfllllll Contaminant Levels (MCLs) and 
MlxtiUII Cont•Jnant level Goah Ul:l6s) for 
drinking water. 

Establishes water quality standards for the State 
of Indiana 

Establishes requlra~ents for PCB spill cleanup 

Potential TIC - RCRA health-based "action levels" 
for lndhidual Appendix VIII hazardous 
constt tuenta 

¥251.30-FS/KSR Table 3-4* 

GRIFFITH, INDIANA 

Cttattgn 

40 CFR 141 

327 lAC Z-1 

40 CFR 761 
Subpart 6 

July 27,.1990 Federal 
Regt ster - Proposed 
RCRA Corrective Actton 
l'f!lll'lattons 

r 
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TabJe3-Sa 

Capital and Annual Operational Cost• for 
Groundwater and Surface Water Process Qpticms 

Proceg Qgtlon 1 Coital Cost C$) 

Biological Treatment with 
Carbon Adsorption2,4,7 $500,000 

Chemical Precipitation3,4 $200,000 

UV/Oxidation2 $600,000 

Air Stri ing with liquid and 
Vapor C Carbon Adsorption2, 7 $350,000 

Steam Stripping with 
Carbon Adsorption2,6, 7 $500,000 

Carbon Adsorption2, 7 $200,000 

Ion Exchange3,5 $150,000 

l:!5zlg: 
1. 

2. 

3. 

4. 

s. 
6.' 
7. 

lllltallatioJI COitl for the dewateriiiJ system ue not included in the COlt 
atimateL Capit;~l c:wt lltimatca include primary equipment aad inltaBatioll. 
Operatioaal COlt estimate& include labor, raw materials and utilities. Colt 
estimatca baed on a pouadw&ter JNI'IPiDI iate ot too IPIL 
~ estimates baled on preliminary enpneeriaa deaip calculations and 
judplaif. . 
Colt atimates obtained from literalare for similar applicatioal aad flow 
rate&. Refer to bibliopaphy at end or Sectioa 3.0 for a lilt ot refereaca used 
to evaluate proc:ea options and obtain COlt estimates. . 
Operatioaal coat estimate does not inclUde 'COlli UIOCiated with slud&e 
dilpalal. 
Opentioaal COlt estimate does not include ~ UIOc:iated with the odilpoul 
of badtwllb Jeliduall. · · . I 

Capital ~ estimate does not include steam IOURC coastruc:tion COlli. 
It is ...aaed tblt lpellt carbon would be recenerated off-site and haadled u 
a RCRA llazardoul WIIICe. 

V2S1.30-PS/MSR Table 3-S 

Annual 
OJ)Cratlna Cost C$) 

$400,000 

$50,000 

. $250,000 

$800,000 

$650,000 

$1,000,000 

$30,000 



SofiiiSedimeau with 
Buried Soilr/Sedimente with Soili/Seclimentl with VOC., SVOC., PCB• . 

Alternative Oroundw.ter (l) Wute(2) voc. " svoc. (3) VOC1, SVOCI & PCB1 (4) and Met.ll (S) 

l. No action No actloll No action No action Noactlon Noactlon 

-
2. Slurry wall alte; and Slurry wall and Natural llUihfna Natural llualdng Natural llUihlna. Natural llulldng, 

groundwater pumplng and UV ollidatlon, cover cover 
treatment air llripploa, or 

biological trcatmcat 

3. Eltc:avlfiOA and UV olddltlon, On-lite Nlllaral llualdn& NltVral naMn1, N.turel lluahlng, 
tratment of buried air ltriFPlnao or inciaeratioft or .cover cover 
waste; and aioundwater bloiOJic:al treatment low temp tbermll 
pumpin& ancl 
treatment 

- . 
-

4. ln-IJtu treetment Steam....-.- Steam ltrfppill& Steam ltrippJnJ .... ltrlppill& Steam ltrlppin& 
o( baried waste, UV oaiclltlon, llr wlh Ja-.Mu flul1oa with Ill-situ 8udon 
IOila ad aroancfwater; and ltrippJn&, or ofPC81 of PCBI u.d mellllil 
groundwater pampfng blolop.l treiiJDent 

and treatJIICIIt 

5. In-lltu u.tmCIIt of UV ollidatlon, Vapor extracdon Vapor extrec:tion Vapor extrectioG with Vapor emacdon rill 
burled waste MCl 10i11; air ,tripplna. or in-aitu l1utlon of PCB• la-altu tiUllon of PCB• 
ancllfOUIIdwater pumping blolop.l treatmlllt and IDdlll 
and treataacnt 
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TABLE3-6 

( ( r ( .'. ~ 

Finll Alt~tivca for DetaUecl Anllyala 
American Chcmic:a1 Servk:el 

Griffith, Indiana 

Alternative GroUDdWiter (l) 

6. Excavation and · UV olddetJoa, 
treatment of buried air ltripplftl, or . 
wute; ln-aitu tiloloJlcal treatment 
treatmeat of aoBa; and 
groundwater pumpinl 
and treatment . 

' 

7. Excavation and I UV olddatloa, 
treatment of burled air ltrlpplng, or 
WHIO ancl 10il1; aacl blolop:.l treatment 
groundwater pumping 
and treatment 

a. ExcavltioA and UV olllclatloa, 
treatment of buried air ltrlpplllg. or · 
wfl#o MdiOfl•; and biological b'eltlllellt 

grot~nchnter pumplna 
and treatment 

Notee: 
(I) lncludei.U areas of the lito. -

( 

(2) lacludca On- llld Off-Site Contalnmeat Arcu aacl StBl 8ottoml 
Ponclfl'reatment IAJOOil Area. 

(3) Ind.- On- and OfT-Sio Contamment ~. StiD Botto~ 
Pond/Treatment uaoon ·Area IUid Kaplc:IIIPIZIDO)' Azea. 

(4) Jncludolllmltod aon volumca and areas wlthln .U or tho 
locatlonl deKribod in Note 2 above. 

(S) lncludca Kapica/PWDC)' Area oaly. 

V2SI.J()-FS/MSR Table 3-6 

r - r r - ( -

Soila/Sedimcntl with 
Burled SoiliiSedimentl with SoBII~imenta with VOCa, SVOCa, PCB• 
Wuto(2) VOC. A SVOCa (3) VOCa, SVOCa A PCBa (4) aacl Metala (S) 

On-alto Vapor Vapor Ulrllcdoa with Vapor utracdon with 
lncinerldiaa or utnctlon f1utJoa of PCBa ln-.itu flxatioll of PCBa 
low temp thermal uclmetlla 

' 

On-alto 011-de On-alto On-site ladneration or 
Incineration or lllclnention or lnclaendoa or low temp thermal 
low temp thermal low temp thermal low temp thermal with flxation of metal• 

I 

Blelopc.l Blolop:.l Blolop:al Biolegical 
treatment ~ treatmeat treatmeatwlth 
(Landl'arlllflla or (Lanclfii'DifDI or (Landf'ar-.·or fbadoa oC metll• 
llurry-ph111o llury-phue llurry-phMo (Laaclfaraln& or 
bloreactor) bloreacter) bioreactor) llu •• l r~ bioreactor) 
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Table4-1 

American Chemical Services 
· Tamt Compouds Based on.Basline Risk Assessment 

Area: Uppe.: Aquller/On.Site Resident 

TIJ'.DI Ccmqaogds 
Acetone 
Methyl Blbyl Ketone 
Methyl Isobutyl Ketone 
Vinyl Chloride 
Tetracbloroethene 
Chloroethane 
Methylene Chloride 
Benzene2 
Bis(2-chloroethyl)ether · 
Methylated Naphthalenes (TICs) 
Arsenic 

llms: \ 
(1) Tupt compoWK11 bucd on il}dividual hazard 

'iuodent >_1 or caacer risk > 1~. 
(2) CompouDd contribute& at 1cut tO'JI, of the total 

non-carcillopnic or carcinopaic risk for thil 
medium. · 

- V2S1.30-FSJSection 4-Tables 

CJaemlc;al Grpup 
Ketones 
Ketones 
Ketones 

Chlorinated Ethenes 
Odorinated Ethenes 
Chlorinated Etbanes 

Chlorinated Metbanes 
BEXT 
Ethers 
PNAs 

Inorganic Metals 



-
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TabJe4-2 

American Chemical Services 
Tame' Coug)ognds Based on Baseline-Risk AsseSsment 

Area: SoU/On-Site Containment/On-Site Resident 

Tamet Coug)ognds 
Benzene 
Ethylbenzene2 
Xylene 
Toluene2 
1, 1,1-Trichloroethane 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Chloroethane 
bis(2-ethylhexyl)phthalate 
Naphthal~ne 
Carcinogenic PNAs 
PCBs2 

&sf: 
(1) Tarpt compouds bucd on individ\181 bllzard 

quodat > 1 or c:aaccr rillt > 1o-S. 
(2) Compouad CIDiltributa at leall101lJ or the total 

aoa-c:arciaopaic or carcinopnic rilk fot this 
medium. 

VlS1.30-FSfSectioa 4-Tables 

Chemjcalff:f 
BEXT 
BEXT 
BEXT 

Chlorinated Ethenes 
Chlorinated Ethenes 
Chlorinated Ethanes 
Chlorinated Ethanes 

Phthalates 
PNAs 
PNAs 
PCBs 



-
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Table4-3 

American Chemical Services 
TaJ:&et Compounds Basecl mi Basellat'IUsk Assessment 

Area: Soll/Stlll Bottoms/OR-Site Resident 

Taget ComDOJindS . 
Benzene · 
Etbylbenzene 
Toluene 
Propyl Benzenes ('QCs) 
Propenyl Benzenes (TICs) 
MethyrPrQPYl Benzenes (TICs) 
Dimethyl Ethyl Benzene~- (TICS) 
Nitrogenated Benzenes (TICs) 
N-Cbain Alkanes (TICsl 
Branched Alkanes (TICs) 
Chloroform 
Carbon Tetrachloride2 
Methylehe Chloride · 
Chloroetbane 
1,1; 1-Trichloroethane 
1,2-Dichloroetbane 
!~!\2-Trichloroethane 
OJUOgenated Alkanes (TICs) 
Tetracbloroethene 
1,2-Dichloroetbene 
Iso~orone 
bis 2~thvlhexyl)pbtbalat~ 
1.2- tchforopropane 
Naphthalene 
Caicinogenic PNAs 
Methylated Naphthalenes (TICs) 
S~ene -
bis(2-dlloroethyl)Etber2 
Hexachlorobenzene 
Hemchlorobutadiene 
PCBsZ-
Endosulfan 
4,4-DDT 
Antimony 
Cadmium 
Lead2 

.l!2!!F 
(1) Tarpt compo .. cls based on indMdual hazard 

quotieot > 1 or cancer risk > 10"5. 
(1) CompauDd ccomwtes at least 1~ of the total 

noo-catcinopnic ot carclnopaic risk for this 
medium. 

CJacmlcaJ Gmuu 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 

,BEXT 
Chlorinated Methanes 
Chlorinated Methanes 
Chlorinated Metbanes 

Chlorinated Etbanes 
Chlorinated Ethanes 
Chlorinated Ethants 
Chlorinated Ethanes 
Chlorinated Ethanes 
Chlorinated Etbenes 
Chlorinated Etbenes 

Ketones 
Pbthalates 

Chlorinated Propanes 
PNAs 
PNAs 
PNAs 

Miscellaneous 
Ethers 

Miscellaneous . 
Miscellaneous 

PCBs 
PCBs 
PCBs 

Inorganic Metals 
Inorganic Metals 
Inorganic Metals 
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Table4-4 

American Chemical Services 
. Tam& CcmgJounds Based on Baseline Risk Assessment 

' 

Area: SoU/Off-Site Contalnment/O~·Site Resident 

Tvaet ComJ1011nds 
Benzene 
Eihytbenzepe 
Xylene 
Toluene 
Propyl Benzenes (TICs) 
Propenyl Benzenes (TICs) 
Diethyl Benzenes (TICs) 
MethylPropyl Benzenes (TICs) 
Trimethyl Benzenes (TICs) 
Dimethyl EthylBenzenes (TICs) 
Oxygenated Benzenes (TICs) 
Nitrogenated Benzenes (TICs)2 
Chloroform 
Methylene Chloride 
Chloroethane 
1, 1,1-Trichloroethane 
1, 1,2· Trichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethene 
1,2-Dichloroethene 
Tetrachloroethene2 
Vinyl Chloride 
Trichloroethene . 
Methyl Ethyl Ketone2 
Acetone 
Methyllsobucyl Ketone2 
lsopborone 
bis(2-etbylhexyl)phthalate2 
1,4-Dichlorobenzene 
Chlorobenzene 
1,2-Dichloropropane 
Naphthalene 
Methylated Naphthalenes (TICs) • 
bis(2-chloroethyl) Ether 
Hexachlorobutadiene 
Styrene 
2,6-Dinitrotoluene 
Hexachlorobenzene 
Noncyclic Acids (TICs) 
alpha-BHC 
beta-BHC 
Aldrin 

Chemical Grou 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 
BEXT 

Chlorinated Methanes 
Chloriliated Methanes 

Chlorinated Ethanes 
Chlorinated Ethanes 
Chlorinated Ethanes 
Chlorinated Etbanes 
Chlorinated Ethanes 
Chlorinated Ethenes 
Chlorinated Ethenes 
Chlorinated Ethenes 
Chlorinated Ethenes 

Ketones 
Ketones 
.Ketones 
Ketones 

Pbthalates 
Chlorinated Benzenes 
Chlorinated Benzenes 
Chlorinated Propanes 

PNAs 
PNAs 

·Ethers 
Miscellaneous 
Miscellaneous 
Miscellaneous 
Miscellaneous 
Organic Acids 

PCBs 
PCBs 
PCBs 
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Table 4-4 (continued) 

Area: Soil/Off-Site Containment/On-Site Resident 

Tamt Compounds 

4,4-DDD 
4,4-DDT 
PCBs2 
Antimony 
Cadmium 

&sf: 
(1) Tarpt compouads baled oo individual buaJd 

quodcat > 1 or cancer risk > 1o-S. 
(2) CoaapouDcJ coatributea at lealt 109& ol the total 

no~rdnogcnic or carcinoacnic: rilk for this 
medium. 

Vl51.30-FS/Sec:tion 4-Tables 

Chemical GmuD 

PCBs 
PCBs 
PCBs 

Inorganic Metals 
Inorganic Metals 
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Table4-S 

AmericaD Chemical· Services . 
Tamet Compounds Based on BaMHpcBisk Aueyment 

Area: SoU/Kapica Surface SoU/On-Site Resident 

Tarat Comvounds 
Ethyl benzene 
Toluene 
Tetracbloroethene 
Trichloroethene 
Isophorone 
bis(2-ethylbexyl)phtbalate · 
Naphthalene 
Carcinogenic PNAs2 · 
Styrene • 
Aldrin 
PCBs2 
Antiniony 
Barium 
Cadmium 
Chromium 
Lead2 

~ 
(1) Tuaet compoUilds bucd on individual buarcl 

quotieat >'1 or caac:er risk > to-5. 
(2) Compound coatributcs •t leal 1~ or the to1a1 

ftOJ~ooCateinopaic: or c:amnopaic: risk for this 
medium. · 

V2S1,30-FSfSection 4-Tables 

CMmlcal Gmvp 
BEXT 
BEXT 

Chlorinated Etbenes 
Chlorinated Ethenes 

- Ketones 
Phtbalates 

PNAs 
PNAs 

Miscellaneous 
PCBs 
PCBs 

Inorganic Metals 
lnorpnic Metals 
inorganic Metals 
lnorganic Metals 
Inorganic Metals 



Table4-6 

AD.terican Chemical Services 
Tar;&et Compounds Basetl on BaseJJwBisk Assesmaent 

! Area: SoU/Kaplca ~ubsurface SoU/On-Site Resident ..... 

i ._ 

L.. 

L 

-
-

Tauet Compounds 
Bell%ene 
Tetracbloroethene 
Tricbloroethene 
lsophorone 
bis(2-ethylhexyl)phthalate 
Carcinogenic PNAs2 
Styrene· _ 
~~nitro toluene 

Antimony 
Barium 
Cadmium 
Lead2 

..tWf: 
(1) Taapt compowds baed oo individual bazard 

quocicnt > 1 or caacer rlllt > to-5. 
(l) ComJIOUDd contributes at Jcut lK a( the total 

non-carcinopnic: or carcinopnlc rislt for this 
medium. 

V2S1..30-FS/Scctioa 4-Tables 

Cbemkal Grpup 
. BEXT 

Chlorinated Etbenes 
Chlorinated Ethenes 

Ketones 
Phthalates 

PNAs 
Miscellaneous 
MiscellaneoUs 

Peas 
Inorganic Metals 
Inorganic Metals 
Inorganic Metals 
Inorganic Metals 
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Table4-7 

Ameriean Chemical Services 
Groundwater Comntrations Used in-DetaUed AJiaJysis 

Chemical 
Gmu 
Ketones 
BEXT Com~unds 
Chlorinated Methanes 
Chlorinated Ethanes 
Chlorinated Ethenes 
Phenols 
Ethers 
~anicAcids 

orinated Benzenes 
PNAs 
Phthalates 
PCBs 
Arsenic 
Barium 
Lead 
Mercury 
Zinc 
Total Metals 

Mlaimum 
Concentration <ua/1~ 

100,000 
30,000 

200 
1200 
200 
2900 
1700 
1600 
300 
100 
20 
20 
30 
600 
2.0 
0.3 
200 

1,000,000 

L Grouadwater mimmum c:onc:cntratioftl baed oa an 11\'CraF 
of iDdividual cbcml«* data from monitoriD& wells MW-3, 
MW-16, MW-5 and MW-6. _ 

2. Grouadwater muimum cooceatratioas baed oa aa ~race 
of iftdivi4ual chemical clata from IIIOilltorin& welll MW-3 and 
MW-16. . · 

3. BRA ~ levdli buccS 011 a IUIIl of iadividual cbemic:al 
levels·UIUIJ the OR-site JaicSCDt cxpoAR ICellario. 

4. Conccatratianl w.:re rouncled to two lipir.aint fipics. 

V2S1.30-FSfScction 4-Tables 

Maximum-
.. Coac;gtratiQD Cu/1)2 

200,000 
50,000 

200 
3200 
200 
3600 
.1900 
2000 
300. 
100 
20 
2.0 
30 
600 
2.0 
0.3 
200 

1,000,000 

BRA Exposqre 
l&yel <uaa>J 

300,000 
100,000 

200 
2700 
200 
2300 
1600 
1200 
300 
100 
20 
2.0 
30 
600 
2.0 
0.3 
200 

1,000,000 
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Table4-8 

American Chemical Services 
Burled Wastes gd SOil Concentrations _Used Ia Detailed Anal,uis 

.Area: On-Site Coatalament 

~leal Grgup 
tones 

BEXT CoDlJ)Ounds 
CblorinateaMethanes 
Chlorinated Bthanes 
Chlorinated Etbenes 
Phenols 
Ethers 
g~anic Acids 

orinated Benzenes 
PNAs 
Phtbalates 
PCBs 
Arsenic 
Barium 
Lead 
Mercury 
Zinc 
Total Metals 

lisllsF 
B- below blckpoulld CODCCDtJatioo 
BDL -, below ualytieal detection liJDit 

WelptedA~ 
Concgtratlon <mafk&>l 

10 . 
6,000 
0.2 
500 
200 
5.0 

BDL 
20 
20 
30 
20 
25 

BDL 
50 
100 
1.0 
·B 

5,000 

1. Weipted .-ezap coaceatJatioas were detenDined by 
calaala~ • -of tbc wciptect aritbmctic avena
for illdividaal c:ompouacls bal04 Oil • ratio or the 
Dumber ol ... to the total DUmber IJliOil.-mplel 
collected IJODl tbil area. 

2. BRA e~uR levels based OR a sum of iDcli.vidual 
chemical levels usiiiJ the on-site resident expoiUR 
sccoario. . ' 

3. Concentrations were rounded to two sipir~eant 
rapres. 

V2S1.30-PSJSCctioD 4-Tables 

' 

BRA Expo~ 
I.mi~•a~ .0 

114,000 
2.0 

1,300 
6,000 

10 
BDL 
200 
10 

100 
200 
10 

BDL 
100 

No value 
1.0 

No value. 
13,000 
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Addendum to Table 4-8 

Example ofW~ted Average ' 
SoU Concentration caJcp)atJons 

Example: Weighted average soil concentration calculatioll$ are shown for BEXT 
Compounds and Chlorinated Ethanes in the On-Site Containment Area. 

Basis: Data was obtained from Table 7-4. of tbe BRA. The mean soil 
concentrations presented in Table 7-4 of the BRA were Calculated only for 
samples where .concentrations exc~eded analytical detection limits. 
Weighted average calculations are based on a total of 42 soil samples 
analyzed from the On-Site Containment Area. 

WEIGHTED A VBRAGE = BRA Mean Soil X (Number of Detoga) 
(Total Number of Samples) SOn.. CONCENTRATION Concentration 

BRA Mean SoD 
Cmggogpd 
Benzene 
EthylbellZene 
Xylene 
Toluene 
nest 

Conceotratloa <m&IU> 
20S 
194 
791 

5,293 

Total BEXT Compounds 

1, 1,1-Trichloroethane 885 
Remaining Chlorinated Ethane 
Compounds and nes 
Total Chlorinated Ethanes 

f.-=nc ~ .~~VeC~t&C IOil CODC.'IelltlUio ~- p¢ormed 
for aU Of the TJ(; poa.Jiillp -lbowa ill Table 4-13 tbat "RIC =rized u BEXT Compo.alldl. Oaly the total alcalated 

tecliOil concentntioD ror an of tbe TJC poupi1tp illbolm ia 
~tlble. 

2. 'Ibe calculatecl.;:cted avenp IOil c:oaCeatiatioe ..,. IOUIIdecl 
~nS to oae · IWlt diait for conceatnlti«* teia than 10,000 
- ~ IIJilificant diJits for coocentratioal peater than 

251.30-FS/Addendwn 

Number or 
Detects 

35 
37 
37 
38 

23 

Wei&hted Average 
&II Q!pq;ptratton 

171 
171 
697 

4,788 
......142 

,,ooo2 

485 
1 
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Table4-' 

American Chemical Services 
Buried Wastes and Soil Ctmcentiatlons Used Ia I>etatletl· AllaJysis 

Area: Still Bottoms/Treatment Lagoon . 

eamw 'GmD 
tones · 

BBXT CQm~unds 
Chlorinated Methanes 
Chlorinated Ethanes 
Chlorinated Ethenes 
Phenols 
Ethers 
Organic Acids 
Chlorinated Benzenes 
PNAs 
· Phthalates 
PCBs 
Arsenic 
Barium 
Lead 
Mercury 
Zinc 
Total Metals 

Welghtecl A~ I 

. Omcentratlcm <•iJka>l 
500 

15,000 
400 

1,000 
400 
20 
10 
30 
60 

200 
600 
25 

.BDL 
200 
900 
B 

400 
5,000 

~ below blckpouod c:oaccatntion 
BDL- bclolf ~ 4etectioD Umit 
L Wcipted aver1F c:oaccatndoas wac dctcrmiDed by 

cak:ulatiDi ..... of * weiptcd aritbmetic IMI'8pl 
for indivldul coaapouild1 base4 · OD a ratio of tile 
Dumber of detect~ to tbc ._ number of IOil amples 
c:ollected fn:lm thil area. 

2. ~RA eqoture Ieveli baed Oft '! IWD of iDdMdual 
chemical lcwla UliDC die on-site resident aposure 
ICCC!ario. 

3. Coneentratio111 were rounded to two 1ipifia~nt 
fiJQ~e~. . 

V2S1.30-FS/Section 4-Tables 

::.p 5, . 
90,000 
_6})()() 
~,000 
4,000 
200 
100 
400 
300 
1200 
5,000 
200 

BDL 
100 
6300 

No value 
2,300 
21,000 
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Table4-10 

American Chemical Semces 
Budd Wastes and Soli CgncgjuratloDs· Usec1 in DetaQat Antb'sis 

Area: 011'-Site Contai"ment Area 

eemleal Group 
tones ~· 

BEXT Com~ounds 
Chlorinated Methanes . 

· Chlorinated Ethanes 
Chlorinated Ethenes 
Phenols 
Ethers 
Or anic Acids ' 
Chforinated Benzenes 
PNAs 
Phtbalates 
PCBs 
Arsenic 
Barium 
Lead 
Mercury 
Zinc 
Total Metals 

~ 
B - below btlc:kpouad c:,occntratioa 

WeiptetLA~ 
~~n <ml/k&>l 

11~000 
100 

4,000 
3,000 
100 
30 

6,000 
100 
500 

2,000 
100 

BDL 
400 

1,000. 
20 
500 
~,000 

BDL- below analytical detection limit 
1. Wcipted aveJ1III "*Cntnationl ~ dctcrmiaccl by 

calculatiq a IUm of tbc wilbted arithmetic: a¥eraps 
for lacliYfdual compouads baled oa a ratio of tbe 
Dumber of dctccta to the total number of soil amples 
c:oiJected from chii area. ' 

2. BRA exposuR levels based on a aum of individual 
chemical levels uslnc the oa-&ite taiclent ~R 
ICCMrio. 

3. Concentrations were rounded to two aipiricant 
flpRS. 

V2S1.3G-FS/Sectioa 4-Tabla 

~ 
290,000 
3000 

16b,ooo 
65,000 
1,000 
300 

100,000 
2,000 
5,000 

21,000. 
500 

BDL 
500 

No value 
10 

1,300 
6,000 

' 
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Table4-11 

American Chemical Services 
. Buried Wastes •nd SOli Co~~eeDtrattons lJad In OetaDecl Analysis 

Area: Kapiea-Surfaee SoU 

e:mlcal Group 
etones 

Welpted Averqe 
Concentration. <mrA&>l 

100 
BEXT Com~unds 
ChlorinatedMethanes 
Chlorinated Ethanes 
Chlorinated Ethenes 
Phenols 
Ethers 
OrRanic Acids 
Chlorinated Benzenes 
·PNAs 
Phthalates 
PCBs . 
Arsenic 
Barium 
Lead 
Mercury 
Zinc 
Total Metals 

..tSisF 
B - below biCkpouad coacntiation 
BDL- bcJow ~ clcteccioa limit 

13;000 
0.05 
0.1 
300 
20 

BDL 
30 
2.0 
100 
400 
40 

BDL 
2,500 
8.000 
7.0 

8,700 
50,000 

1. Weipre4 ~ CODCCDUations were determined by 
calc:lllat~ a IUID ol tbc ,...le4f aritbmetic averaps 
for iadMdul compouadl baaed C)D a J'lltio of tbc 
number ol, delicti to the tota111.umbcr ot1011 samplel 
collected IJOm this ana. 

2. BRA upc:»\lte lewiS based em a sum ol iadividU8l 
cbenaical Ieveii using tbe on-site residcllt cxponre 
accnario. . . 

3. Concentrations were rounded to t"o sipificant 
rapres. 

Vl51.30-FSfScctioa 4-Tables 

. . 

BRA ExDosure 
I.cyel <iil/ki>~ 

400 . 
50,000 

0.2 
0.2 

1,000 
40 

BDL 
300 
10 

200 
800 
300 

BDL 
5,700 
16,000 

10 
1_.6})00 

luu,OOO 
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Table4-12 

. Amerieaa Chemical Services 
B'Dlkd WastCJ and Soil COJIC!IItratjons UICd iD Detailed Alalysis 

Area: Kapica Subsurface SoU 

e-"'1 Qrpup 
tones . _ 

BEXT Com~nds 
Chlorinated Metbanes 
Chlorinated Ethanes 

· Chlorinated Ethenes 
Phenols 
Ethers 
Ornnic Acids 
Chlorinated Benzenes 
PNAs 
Phthalates 
PCBs 
Arsenic 
Barium 
Lead 
Mercury 
Zinc . 
Total Metals 

&SF 
B - • below bactpouod coac:cntratioD 
BDL- below ..aa1J1ic:a1 detcctioa &mit 

Weipted Averaae 
Con~du <miJU>l 

700 . 
0.0004 
0.10 
40 
6.0 

BDL 
10 
7.0 
20 
40 
10 

BDL 
400 

1,000 
0.6 
700 

4,000 

1. Weiptcd ..enap c:onceatfatiolas were .determined by 
~~ • IUIIl ollbe wei&llted arithmetic avaqa 
for uadMduat compouncll baled OD a ratio of tbc 
Jllllllber or detecU to lbc total number of lOR -..pies 
coDected from Ibis area. 

2. BRA cxposwe Ieveli based 011 • IUID or iDcSMdual 
dlcmical Ieveii ualna the on-site resident cxpcl!Rift 
seeaarid. 

3. Coliccatrations were rounded to two sipificattt 
fipn:s. 

VlSl.JO.FSfScction 4-Tabla 

BRA Exposure.. 
Lm1 (JUfkal:l 

200 
6,000 
0.003 
2.0 
500 
20 

BDL 
100 
30 
100 
200 so 

BDL 
1,500 
4,000 

No value 
2,200 
15,000 
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Table4-13 

Ameriean Cbemkal Services 
Placement ofDCs lgto FS Chegalql Gmgps 
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Aaerican Cheaical services 
Groundyater Treataent Design Criteria for Target Qoavoup4a 

Chaiqal 
Arsenic . 
Barium 
Lead 
Mercury 
Zinc 

AC8 
Pemit3 

NA 
NA 
NA 
NA 
NA 

Ben~ene NA 
Benzoic Acid NA 
Bis(2-chloroethyl) 

ether NA 
Bis(2-ethylbexyl) 

phthalate NA 
Chloroethane 574 
Chloroform ·NA 
1,2-

Dichlorobenzene NA 
Dibutylphthalate NA 
Isophorone NA 
Methyl Ethyl 

Ketone NA 
4-Methylphenol 5oo1. 
Naphthalene NA 
PCBS NA 
Tetrachloroethane NA 
Toluene 74 
1,-1,1-. 

Trichloroethane 574 
Vinyl Chloride NA 
Total cyanides NA 

H~Dc! 

rcmr• 
1,ooo1 

NA 
:1,8oo1 

401 
5,ooo1 
3,ooo1 

NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 
o1 

NA 
5511 

5781 
NA 

1o,ooo1 

Pretreataeat 
sty4arta5 

·lfA 
NA 
320 
NA 

1,050 
57 

NA 

NA 

NA 
110 
1111 

NA 
NA 
HA 
NA 
521 
28 

22 
971 
420 

SDD 

~ 
1,ooo2 

so2 
2.02 

5,ooo2 
s.o2 
NA 

NA 

4.02 
5.o2 
s.o2 

NA 
NA 
NA 
o.s2 
s.o2. 

2,ooo2 

2002 
2.02 
2002 

CWA 
water Quality 

criteria? 
48 

NA 
3.2 

1.2x1o-2 
110 

5,300 
NA 

23o,ooo2 

3.0 
35,000 
1,200 

760 
3.o2 

117,ooo2 

NA 
NA 
NA· 

1.4xto-2 
, 84 

17,000 

18,000 
2.0 
5.2 

r ... - ( 

RCD corrective 
Actiop Level•• 

50 
1,000 

50 
2.0 
NA 
NA 
NA 

0.03 

3.0 
o~3 

6.0 

NA 
4,000 
9.0 

2,ooo2 
2,ooo2 

NA 
0.005 
0.7 

10,000 

3,000 
2.0 
NA 

r 
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-~1• 4-14 (continued) 

~- . 
mlinlts in •lcrogrllll per liter. 
NA - discharge standard not available 
1. POTV discharge standard seleeted for target cCI!pOUrid and corresponcUng ct.lcal group for use 

tn det1fled •n•lysls and design and cost calculatlont. 
HPDES dlschal-ge standard selected for target cCIIIIIJOUnd and corresponding ctatcal group for 2. 

3. 

4. 
s. 

6. 
7. 

8. 

9. 

use· in datatled.analysls and design and cost calculations. · 
Discharge standards takh fr0111 curr-..t per11lt Issued by the tt.nmnd POTV to ACS for ongoing 
operations. ' 
Discharge standards taken fro. proposed ltanond POTV pretreaU.nt regulations. 
Discharge standards taken frCIIII 40CFR 414.85 (I.e., exittlng source pretrea~t standards for 
specialty organic c._lcals .. nufacturfng). Klnnond POTV PretreatMent Coordinator specified 
that these dfscharge standards would be considered for.groundwater reledlal action activities 
at the ACS SUe. ' -
Stanct.rds correspond to Safe Drinking V.ter Act (SIJ'JA) Maxi- Concentration leYela (MCls). 
Standards correspond to .Clean Vater Act (CVA) Vater ~1tty Crtterla for Prcttectlon of 
Aquatic life (Fres~ter Acute/Chronic). . . 
Standards correspond to RCRA Action Levels for water Ingested presented In the July 27, 1990 
Federal Regt ster. · · · 
Specified discharge standards Ny actually apply to a different c0111p011nd .Included In the 
chelltcal group repres-..ted by the target cOIIIpOUnd. These values were substituted etther tf 
they were ..,re strtngbt than standards for the target cOIIIPCJUftd, or a corresponding standard 
does not edst for the target cQIIIpOUnd. . , 

V2Sl.30-FS/Table 4·14 

r--- r· r ( .. --

,. 
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Biologieal 
Treatment 

uv /Oxidation 

Air Stripping with 
Vapor Trcabncnt and 
Eftluent PolishiDg 

Ion Exchange 

Table4-15 

American Cheadeal Services 
Gmunclwater TreatiDeut ColtSJUUl•a 

Allllual Praeat Werlla Net Prtsmt 

S3.30 

$1.60 

$0.95 

$0.20 

OAM lhle Applill O.W ISJlQ6) W«<h fktQ6>1 

$0.500 

$0.850 

$0.625 
I 

$0.11 

f'lfl) 

S13.o7 

S9.61 

$0.92 

$11.0 

$14.7 

$10.6 

$1.1 

1 Net present worth comparison is based on a 5% discount factor and 30 years operating period. 

V'2S1.30-FS/Scc:tion 4-Tablel 
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Table 4-16 

American Cha.ical Services 
Alternatives Cost SUIIIrY 

61 tsu:n•:t 1 ve 'IIJ~i] Cost !SXIQ6) 
No· -Action (Alt. 1) $0 

Slurry Wall Site; and Groundwater Pumping 
and Treatment (Alt. 2) $3.85 

/ 

Excavation and On-Site Incineration of 
Buried Waste; and Groundwater Pumping 
and Treatment (Alt. 3a) $38.70 

Excavation and On-Site Low Temp Thermal 
Treatment of Buried Waste; and Groundwater 
PUIIp1ng. and Treatment (Alt. 3b) $28.95 

In-Situ Steam Stripping of Buried Waste, 
Soils and Groundwater; and Groundwater 
Pumping and Treatment {Alt. 4) $13.74 

In-Situ Vapor Extraction of Buried Waste 
and Soils; and Groundwater Pumping and 
Treatment (Alt. 5) $12.64 

Excavation and On-Site Incineration of 
Buried Waste; In-Situ Vapor Extraction of 
Soils; and Groundwater Pumping and 
Treatment (Alt. 6a)2 $26.89 to $40.39 

Excavation and On-Site Low Temp Thermal 
Treatment of Buried Wa~te; In-Situ Vapor 
Extraction of Soils; and Groundwater 
Pumping and Treatment (Alt. 6b)2 $21.64 to $30.64 

r r- . r r 

Present Worth Nat Present 
6ooual OAR !SIIQ6l 12J:tb [SJ1Q6l 

$0. $0 

.. 
$8.15 $12.0 

$16.13 $54.8. 

$16.13 $45.1 

$37.14 $50.9 

$20.40 $33.0_ 

$16.17 $43.1 to $56.6 

$16.17 $37.8 to $46.8 



r 

' 

Alternative 

On-Site Incineration of Buried Waste and 
Soils; and Groundwater Pumping and 
Treatment (Alt. 7a) 

Table 4-16 (continued) 

CapJtal Cost CSX1Q6) 

$70.20 

On-Stte low Temp Thermal Treatment of Buried 
Waste and Soils; and Groundwater Pumpin.9 
and Treatment (Alt. 7b) $49.95 

Excavation and landfarming of Buried Waste 
and Soils; and Grou~dwater Pumping and 
Treatment (Alt. Sa) $11.44 

Excavation and Slurry-Phase Bioreactor 
Treatment of Buried Waste and Soils; 
and Groundwater Pumping and Treatment 
(Alt. Sb) $16.63 

~: Coat esti11atea for altemattvea 3 thru 8 are based on a· 
groundwater treatlent capital cost of $1.2.•i11ion tnd ftrat 
year OM costs of $750,000. Groundwater t,...t.nt annual 08H 
costs were autaed to dlcrease wtth tt• based on decreastno 
Influent conc'"trattons wtth continuing source trea~nt and 
groundwater flushing. . 

z . . Cost estimates for Alternative 6 are based on a potential 
range of burled waste requiring on-Stte thel'lllll treatMnt of 
35,000 cubic yards to 65,000 cubic yards. . 

V251.30-FS/Table 4-16 

Present Worth 
Annual'Oift CSX1Q6) 

' 

$14.43 

$14.43 

$22.77 

$26.56 

Net Present 
worth csxio&> 

$84.6 

$64.4 

$34.2 

$43.2 

r - r-
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APPROXIMATE TANK FARM. 
BOUNDARY 

SLURRY WIU. BETWEEN 
LAN[ft_L AND CA=-91TE 
CONT~WAREA 

NOTES 
1. BASE MAP WAS DEVELOPED fOR CAMP DRESSER & MCKEE INC~ . 

ON NOVEMBER 8, 1985. MAP J:iAS BEEN UPDATED FROM AN AERIAL 
PHOTOGRAPH OF THE SITE ~;owN ON NC:WEMRER 3, 1989 B'( 
GEONEX CHCJ'GO AERIAL Sl;.IRVEY, INC.· · 

2. VERTICAL DATUM IS USGS D~\TUM. CONTOUR INTERVAL IS (1) 
ONE FOOT. 
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NOTES 

APPROXIMATE TANK FARM 

BOUNDARY 

SLURRY WALL FOR 
SOURCE AREAS 

1. BASE MAP WAS DEVELOPED FOR CAMP DRESSER & MCKEE INC: 

ON NOVEMBER 8, 1985. MAP HAS BEEN UPDATED FROM AN AERIAL 

PHOTOGRAPH OF THE SITE FLOWN ON NOVEMRER 3, 1989 BY. 

GEONEX Ct-ICNiO AE:RtAL SURVEY, INC.· 

2. VERTICAL DATUM IS USGS D!fUM. CONTOUR INTERVAL IS (1) 

·ONE FOOT. 
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NOTES 
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UPPER AQUFE::t MONITORING 
WELL LOCATION 
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0 LEACHATE WELL LOCATION 

e PIEzOMETER LOCATION 

.. STAFF GAUGE LOCATION 

-s20- WATER LEVEL CONTOUR LINE 
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6-lt. 
&(833.8) 
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NOTES 
1. A GROUNDWATER ELEVATION FOR MW-1 WAS NOT 

AVAILABLE. THS WELL WAS DESTROYED PRIOR TO 
WATER LEVEL MEASUREMENT. 

2. THE GROUNDWATER ELEVATION AT P-18 WAS NOT 
USED IN MAP CONSTRUCTION. THE ELEVATION AT 
THS PIEZOMETER WAS APPROXIMATELY 10 FT. 
HGHER THAN ADJACENT GROUNDWATER ELEVATIONS. 
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AGLJE 3-4 

8005/COO RATIOS FOR VARIOUS ORGANIC COMPOUNDS 

~ ........ ~ ...... 
......,..,Uo ... llllllllle ......... ~'-t:'dJ 
au- -o Milwll•iria -o.oz ..,..,..... -o CyclaMunol o.o:l 
CartiOn .. ecllloridl -o Acrylonitrile 0,031 
~ .. 0 Nanni! >G.033 

-1,4-0IGmM -o UNMaN~ <O.OC 
E.,._ -o Mldlyldlytpyrldinl 0.04-0.75 

'- ..... -o 1·..._ <CI.044 
Hn- -o 

Melllylluallutyf --
<CI.044 ,....,.. -o ~ <0.041 ,......,..... -o Farmiclcid G.OI 

u..w ......... -o ~~ >G.OI Uquefild,....._ ... -o ......... <0.07 ....... -o -""Y'- G.07-0.23 
..._yllnmidt -o ,...,""_ O.G7424 
...... ,, chloridll -o Mutllylllalllol o.o7.o.n 

',./ MoMclllcltlldl"'*-"'- -o Aatanilrllu 0.011 ....... Hi'"*"'- -o E....,...IIYall G.Oit ,.,..... -o E.,._...,..._......,..._ <CUll 
f'nlpyllne -o SollluM eylllide <CUll 
I'IIIP\flunellllitll -o U...ll&:oiiiiiii12·111CUitllleiiJ >CUll 
Te.,......lllyillll -o AQyl elcohol G.CIIt 
T .. lhwdrGI ............ II -o a.-.a 0.1117 
1~ <O.OOZ ltllutiNiy.,..,........ £....,..... clld\loridl G.CI02 v.,....,va- <0.10 
1..oc- >GAIII3 .o.cva ....... >0.10 
Molpi\CIIlne <CUIIM p.Xva- <0.11 
'""'r.ldlmiu--lklcid 0.005 u- o.n 
Triettl........,. <G.OOI TU... <0.12 .x, .... <G.OOI .......... eylllide 0.12 
.... xy~~M <O.ODI IIOIIfOOYI- <0.13 
E.,.,...__ <0.001 Amyl-- 0.13-0.34 ...... ....,~ ClllaraiNI- 0.15 
Elllylelller 0.012 .lit fueiii¥Wioull -0.15 
SalliuM llirtlbi>Wifonltn -0.017 ~ -0.111 
Motoaioapc.,..IOieollioll <0.02 R.,..oil -0.15 
G• olllctucbdl -0.02 G~yoerint <o.1e 
G..a-1--.t -G.02 Aclipoftierilu 0.17 

.... ........,Duii ltl c-'d.l ........, Duiillllllllle ~d.l 

~· 
Fut'fu~W 0.17.0 .... E1hylenlimiow D.4e 
2-Echyl.~llcrollift <O.It ................. 0.441 
Melfi ....... .,...... <0.20 f'YridiM 0.4M.Y 
VInyl- <G.20 ~.lb-- 0.48 
Didlyllne tlyaol a.-...... Q.IO ___ f, ... 

<0.20 c.rn....,.. -o.so ............. ,_._, <G.20 ..... ~ >o..51 
Ollutyl plnNiuu 0.20 l'nlp;coftic ICicl 0.12 ....... -G.20 ~ o.ss 
~oil -0.20 Anilioll G.SI ,..,.,--'dlfl.,. 0.20 lllilllfGPYIIIIaaiiOI Q.5l 

""""""' ......... CJ.20.0.I3 n-AIIIyllllaaiiOI 0.57 Mnllyl_._, ... <G.24 '-"¥1 ....... o..57 
Acrylic ... G.2l c:r... o..574.8 
Scldiunl .. yl ....... -G.30 CrCMOMidlhwell <0.51 
Triedtv.._ ti¥CDI G.31 l'ltflalic...,.. G.5l 
Aalicecid Q.3t.Q.37 tknzlldlll .. G.l2 Aculic....,... >G.32 flollucyf IIDaiiOI Q.l3 
ElhylenMII&Milll <CUll 2,4-0iclllon•PIIenol 0.11 
FormelclllllyW IOiution 0.35 Tel!ow -0.80 
Eltlyl- <ue Pllenol o.JI 
Oc18nOI G.37 hnloiciCid 0.14 
&ortlitol <CUll c.tlatic ICid 0.14 ..._ 

<Cl31 Melllylelftylkt- 0.11 
11-htyllk:ohol 0.42·0.74 lenzoyl ctllOricM 0.14 ................ <0.43 H\ldrWIM 1.0 
,....~ <0.43 01111ic1Cid 1.1 

Source: lyman, Reehl and Rosenblatt. 1982 
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AGURE 3-3 

SUMMARY OF ORGANIC GROUPS SUBJECT TO B'tODEGRADATION 

==================================================~-=-=-=-=-==--~--=--

Substrate 
Compounds 

Straight Chain Alkanes 

Branched Alkanes 

Saturated Aklyl Hal idea 

Unsaturated Alkyl Halides 

Eaters. Glycols, Epoxidea 

Alcohols 

Aldehydes. Ketones 

Carboxylic Acids 

Ala ides 

.Esters 

Nitrilea 

Alllinea 

Phthalate Eaters 

Nitroaamines 

Respiration 

Aerobic Anaerobic 

+ + 

+ + 

+ 

+ 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ 

Fermentation Oxidation Co-oxidation 

+ + + 

+ + + 

+ + 

+ 

+ 

+ 

+ 

+ 
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(continued) 
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APPROXIMATE TANK FARM . 

BOUNDARY 

BURIED WASTE 

PCBI >50 ppm 

1. BASE MAP WAS DEVELOPE~D OR CAMP DRESSER & MCKEE INC. 

ON NOVEMBER 8, 1985. MAP HAS BEEN UPDATED FROM AN AERtAL 

PHOTOGRAPH OF THE SITE LOWN ON NOVEMRER 3, 1989 BY 

GEONEX CHC~O AERtAL. RVEY, INC. • · 
. . 

2. VERTICAL DATUM IS USGS qATUM. CONTOUR INTERVAL IS (1) 

·ONE FOOT. ' 
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APPROXIMATE TANK FARM . 

BOUNDARY 

CONTAMINATED SOIL 
(TOTAL VOCs > 10 ppm) 

NOTES 
1. BASE MAP WAS DEVELOPED~-OR CAMP DRE.SSER & MCI<EE INC, 

ON NOVEMBER 8, 1985. MAP HAS BEEN UPDATED FROM AN AERIAL 

PHOTOGRAPH OF THE SITE LOWN ON NOVEMRER 3, 1989 BY 

GEONEX CI-ICMO AE~AL Scr'~VEY, INC.· 

' I 

2. VERTICAL DATUM IS USGS D~TUM. CONTOUR INTERVAL IS (1) 

ONE FOOT. 
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~EQEND 
~······· ·) . c • • • . ....... : 

NOTES . 

APPROXIMATE TANK FARM. 
BOUNDARY 

REcoiERY WELL GROUP 

GROUNDWATER 
COLLEGnc:>N PIPING 

1. BASE MAP WAS DEVELOPED~OR CAMP DRESSER & MCKEE INC: 
ON NOVEMBER 8, 1985. MAP AS BEEN UPDATED FROM AN AERIAL 
PHOTOGRAPH OF THE SITE F OWN ON NOVEM~ER 3, 1989 BY 
GEONEX CHCAGO AERIAL S RVEY, INC.· 

2. VERTICAL DATUM IS USGS DATUM. CONTOUR INTERVAL IS (1) . 
ONE FOOT. ' 

3. TREATED GROUNDWATER otSCHARGE OPnONS: 
A. DISCHARGE TO DITCH NORTH OF SITE TO RECHARGE 

_WETLANDS. ) 
B. PIPING INSTALLED TO TURKEY CREEK (APPROXIMATELY 

4,000 FT. SOUTHEAST) F~ DISCHARGE . 
C. DISCHARGE TO SANITAR~ SEWER FOR FURTHER TREATMENT 

AT THE POTW. 1 

0 200 400 

,. 
I 

" ~ 
I 

J I 
' ~ • 

,. ,. 
I I I I I f ! 



I 
( 

f 

I ~ 

\ 

I 

l 
l 

{ -'' 
l. 

( 

RIIEI-.11011 WAITI8!MAMI 
10 CJIIII.III1I TMA,_.,. 

FLOW EQUALIZATION 
TANK 

80UD8 FILTER 
I 
I 

! 

Me_,DUL 

I 
I 
I 
I 
I 
I 

REGENERATION CHEMICAL 
FEED TANK 

NOTES 

CI.UII.,....._v 
....~. 

1. THE PROCESS EQUIPMENT SHOWN WAS INCLUDED IN THE COST ESTIMATES. THE 
OPTIMAL TREATMENT SYSTEM CONFIGURATION WILL BE DETERMINED DURING FINAL 
DESIGN. 

2. THE FLOW EQUALIZATION TANK, SOLIDS FILTER, AND ION EXCHANGE MAY NOT BE 
REQUIRED. IT IS ASSUMED THAT THIS PRETREATMENT WOULD BE NECESSARY TO 
PREVENT FOUUNG OF THE PRIMARY TREATMENT SYSTEM. 

3. GROUNDWATER FLOW RATE IS 200 GALLONS PER MINUTE. 
4. BIOLOGICAL TREATMENT SYSTEM INCLUDES TWO 22-FOOT DIAMETER FLUIDIZED BED 

REACTORS WITH 5300 CUBIC FEET OF BED VOLUME. THE SYSTEM ALSO INCLUDES 75,000 
POUNDS OF GRANULAR ACTIVATED CARBON AS THE FLUIDIZING MEDIUM, PUMPS, AN AIR 
COMPRESSOR, AND AN OXYGEN SEPARATION UNIT. 

5. COST ESTtMATE ASSUMES A BIOCHEMICAL OXYGEN DEMAND OF 650 mg/l. A CHEMICAL 
OXYGEN DEMAND OF ns mg/l, AND AN OXYGEN FEED RATE OF 17 mgjL 

6. CARBON ADSORPTION USAGE RATE WOULD BE APPROXIMATELY 75,000 POUNDS PER 
YEAR. OFF-SITE REGENERATION OF SPENT CARBON IS ASSUMED. 

7. SLUDGE WOULD BE DEWATERcD BY A FILTER PRESS BE.FORE OFF-SITE DISPOSAL 
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NOTES 

FROM GROUNDWATER 
EXTRACTION 

FLOW EQUALIZA'nON 
TANK 

IMCKWAIH milAM TO 
OPP-IITB 1MATMINT 

AND DIII'OUL 

~ 

80UD8 FILTER 
I 
I 

' 
OI.IWt WA'RR ...._y 

PORIMOKWMH 

1. THE PROCESS EQUIPMENT SHOWN WAS INCLUDED IN THE COST ESTIMATES. THE 
OPTIMAL TREATMENT SYSTEM CONFIGURATION WILL BE DETERMINED DURING FINAL 
DESIGN. 

2. THE FLOW EQUALIZATION TANK, SOLIDS FILTER, AND ION EXCHANGE MAY NOT BE 
REQUIRED. IT IS ASSUMED THAT THIS PRETREATMENT WOULD BE NECESSARY TO 
PREVENT FOUUNG OF THE PRIMARY TREATMENT SYSTEM. 

3. GROUNDWATER FLOW RATE IS 200 GALLONS PER MINUTE. 
4. UV /OXIDATION TREATMENT SYSTEM INCLUDES TWO 5000-GALLON REACTORS AND ONE 

1300-GALLON SECONDARY REACTOR. AN ESTIMATED RETENTION TIME OF 45 MINUTES 
WAS ASSUMED. 

5. THE FOLLOWING ESTIMATED DOSAGE RATES WERE ASSUMED: 
125 mgjL OF HYDROGEN PEROXIDE 
375 mgjL OF OZONE 
150 WATTS/L OF UV UGHT 

AEIIIIIRA110N WAITI .nwAMI 
10 OPP-IITB 11EA1MBn' 

AND DIIPOUL 
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~ ION EXCHANGE J 
1------------

LJJ 
REGENERA110N CHEMICAL 

FEED TANK 
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A'llla•l-

WATER 
I z"C":J .. DI8CHARCIE 

PHOIOI.Yaal 
I OXIDATION TANK 
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HYDR08EN PEROXIDE 
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FROM GROUNDWATER 
EXTRAC'nON 

NOTES 

FLOW EQUAUZAnON 
TANK 

80UD8 FILTER 

I 
I 

~ 
I 
I 

CLEAN WAtER 8UPPLY 
FOR IACKWA8H 

REGEN!RAllON WA8TI! tml!AM8 
TO OFF-arrE TREAlME~ 

AND DIIPOUL 

r l 
I I 
I I 
I I 
~ ION EXCHANGE J 
f.- - ..___ --- -- - - - -

~0 
REGENERATION CHEMICAL 

FEED TANK 

1. THE PROCESS EQUIPMENT SHOWN WAS INCLUDED IN THE COST ESTIMATES. THE 
OPTIMAL TREATMENT SYSTEM CONFIGURATION WILL BE DETERMINED DURING FINAL 
DESIGN. 

2. THE FLOW EQUALIZATION TANK, SOLIDS FILTER, AND ION EXCHANGE MAY NOT BE 
REQUIRED. IT IS ASSUMED THAT THIS PRETREATMENT WOULD BE NECESSARY TO 
PREVENT FOULING OF THE PRIMARY TREATMENT SYSTEM. 

3. GROUNDWATER FLOW RATE IS 200 GALLONS PER MINUTE. 
4. BASED ON THE AIR STRIPPING SIMULATIONS PRESENTED IN APPENDIX C, THE FOLLOWING 

TOWER PARAMETERS WERE ESTIMATED: 
215:1 AIR/WATER RATIO 
7-FOOT TOWER DIAMETER 
40-FOOT PACKING DEPTH 

5. A 6000 CUBIC FEET PER MINUTE, 30 HORSEPOWER BLOWER WOULD BE REQUIRED TO 
ACHIEVE AN AIR/WATER RATIO OF 215:1. 

6. AIR STRIPPER OFF-GASES WOULD BE THERMALLY TREATED. 
7. INFLUENT GROUNDWATER WOULD BE HEATED TO 80 Of, USING OFF-GASES FROM THE 

THERMAL TREATMENT UNIT, IN ORDER TO OBTAIN THE REQUIRED REMOVAL FOR METHYL 
ETHYL KETONE. 

8. LIQUID PHASE CARBON ADSORPTION USAGE RATE WOULD BE APPROXIMATELY 62,400 
POUNDS PER YEAR. OFF-SITE REGENERATION OF SPENT CARBON IS ASSUMED. 

AIR..,._Y 

OFF CIA810 

VAPOR PHASE CARBON 
ADSORPTION 

UQUID ,PHASE 
CARBON ADSORPTION 

IPI!NT CM80N TO 
RIIENIM110N 

WATER 
DISCHARGE 

FIGURE 4-8 
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EXCAVATED 801L 

WA81'1 8TORME 
HOPPER/ atREDDER 

NOTES 

ROTARY KILN 

SECONDARY COMBU8TION 
CHAMBER 

1. THE PROCESS EQUIPMENT SHOWN WAS INCLUDED IN THE COST ESTIMATES. THE 
OPTIMAL TREATMENT SYSTEM CONFIGURATION WILL BE DETERMINED DURING FINAL 
DESIGN. 

2. THERMAL TREATMENT SOIL FEED RATE IS 10 TONS PER HOUR. THE <;YSTEM WOULD BE 
OPERATED ON A CONTINUOUS BASIS. 
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EXCAVATED SOIL 

NOTES 

WAITE ITOfWE 
HOPPER/ SHREDDER THERMAL AERATION 

TREATMENT UNIT 

1. THE PROCESS EQUIPMENT SHOWN WAS INCLUDED IN THE COST ESTIMATES. THE 
OPTIMAL TREATMENT SYSTEM CONFIGURATION WILL BE DETERMINED DURING FINAL 
DESIGN. 

2. THERMAL TREATMENT SOIL FEED RATE IS 10 TONS PER HOUR. THE SYSTEM WOULD BE 
OPERATED ON A CONTINUOUS BASIS. 

CATALYTIC 
AFTERBURNER 
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EXHUA8T STACK 

FIGURE 4-8 
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~XCAVATED 
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NOTES 

',I/ 
! 

APPROXIMATE TANK FARM 
BOUNDARY 

1. BASE MAP WAS DEVELOPED fOR C~P DRESSER & MCKEE INC~ 
ON NOVEMBER 8, 1985. MAP HAS BEEN UPDATED FROM AN AERIAL 
PHOTOGRAPH OF THE SITE FLOWN ON NOVEMRER 3, 1989 BY 
GEONEX CI-ICAGO AERIAL SURVEY, INC. • 

2. VERTICAL DATUM IS USGS DATUM. CONTOUR INTERVAL IS (1) 
ONE FOOT. I 
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OVERHEAD ENCLOSURE (SEE NOTE 2) 

NUTRIENT 
ADDITION 

TANK 

NOTES 
1. THE PROCESS EQUIPMENT SHOWN WAS INCLUDED IN THE COST ESTIMATES. THE 

OPTIMAL TREATMENT SYSTEM CONFIGURATION WILL BE DETERMINED DURING FINAL 
DESIGN. 

2. THE OVERHEAD ENCLOSURE IS OPTIONAL, BUT MAY BE REQUIRED IF VOC EMISSION 
ARARS ARE EXCEEDED. AN AIR MANAGEMENT SYSTEM WOULD BE USED TO COLLECT AND 
TREAT AIRBORNE CONTAMINANTS. THE OVERHEAD ENCLOSURE AND VAPOR COLLECTION 
AND TREATMENT ARE INCLUDED IN THE COST ESTIMATES. 

3. THE TREATMENT UNIT WOULD BE UNED WITH A RCRA COMPUANT DOUBLE UNER SYSTEM, 
INCLUDING TWO 60-MIL GEOMEMBRANE LINERS, WITH 1-FOOT SAND LAYERS AND 
LEACHATE PIPING BETWEEN THE UNERS. 

4. TREATED SOIL WOULD BE REDEPOSITED ON-SITE. SOME TREATED SOIL MAY REQUIRE 
FIXATION BEFORE BEING REDEPOSITED ON-SITE. FIXATION COSTS WERE NOT INCLUDED 
IN THE COST ESTIMATES. 
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EXCAVATED SOIL 

FEED HOPPER 
AND CONVEYOR 

NOTES 

TRAMMEL 

MMIU' WATIR AHDIOR 
OOHI'AMIIATED GROUNDWATER 
FROM 111'1 

W4'0WMIZI 
TO._OUL 

1. THE PROCESS EQUIPMENT SHOWN WAS INCLUDED IN THE COST ESTIMATES. THE 
OPTIMAL TREATMENT SYSTEM CONFIGURATION WILL BE DETERMINED DURING FINAL 
DESIGN. 

2. SOIL FEED RATE IS 10 TONS PER HOUR. THE SLURRY WOULD BE 35 PERCENT SOIL BY 
WEIGHT. THREE TREATMENT REACTORS IN SERIES, WITH A CAPACITY OF 300,000-GALLONS 
EACH, WOUl.O BE REQUIRED. A RETENTION TIME OF 7 DAYS WAS ASSUMED. 

3. SOME TREATED SOIL MAY REQUIRE FIXATION BEFORE BEING REDEPOSITED ON-SITE. 
FIXATION COSTS WERE NOT INCLUDED IN THE COST ESTIMATES. 

TREATMENT TANK 
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FIGURE 4-12 
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NOTE§ 
1. THE PROCESS EQUIPMENT SHOWN WAS INCLUDED IN THE COST ESTIMATES. THE 

OPTIMAL TREATMENT SYSTEM CONFIGURATION WILL BE DETERMINED DURING FINAL 
DESIGN. 

2. THE OPERATION WOULD INVOLVE EIGHT AUGER SYSTEMS OPERATED CONCURRENTLY ON 
A CONTINUOUS BASIS. 
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NOTES 
1. BASE MAP WAS DEVELOPED ~OR CAMP DRE.SSER & MCKEE INC~ 

ON NOVEMBER 8, 1985. MAP HAS BEEN UPDATED FROM AN AERIAL 
PHOTOGRAPH OF THE SITE f!'LOWN ON NOVEMRER 3, 1989 BY 
GEONEX CH~O AERIAL SI~~VEY, INC.· · .. 

2. VERTICAL DATUM IS USGS DATUM. CONTOUR INTERVAL IS (1) 
ONE FOOT. . 

0 200 400 

SCALE IN FEET 

i i I 

I 
J 
• 
• 
I 

I I 
I. ! 

• 



I [ 

I 
( 

[ 

r 
r 

[ 

[ 

[ 

I 

{ 

NOTES 

INLET 
WELL 

WA111110 IRDUNDWATIR 
1MA1IBIT IYITBI 

IOILOONT~ 

' 

1. THE PROCESS EQUIPMENT SHOWN WAS INCLUDED IN THE COST ESTIMATES. ' HE 
OPTIMAL TREATMENT SYSTEM CONFIGURATION WILL BE DETERMINED DURING NAL 
DESIGN. ,l 

2. THE VAPOR EXTRACTION SYSTEM INCLUDES 18 EXTRACTION WELLS TOTA* A 
PRELIMINARY FLOW RATE OF 60 CUBIC FEET PER MINUTE PER WELL WAS DETER ED 
BASED ON GROUNDWATER PERMEABIUTY DATA AND AN OPERATING VACUUM OF 5-IN ES 
OF MERCURY (SEE AGURE 4-15). 

3. 4 BLOWERS AT 5-INCHES OF MERCURY VACUUM WOULD BE OPERATED CONCURR~LY 
(SEE FIGURE 4-15) • 

. 4. All ABOVEGROUND VAPOR COLLECTION PIPING WOULD BE HEAT TRACED. 
5. VAPORS WOULD BE TREATED IN A CENTRALIZED THERMAL TREATMENT UNIT RATE AT 

1100 CUBIC FEET PER MINUTE AND 1500-1600 Of OPERATING TEMPERATURE. 
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Appen~ A: Groundwater Remediation Simulation 
ACS~Site 
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Page 1 

U.S.G.S Modflow model was ~.to evaluate potential groundwater remedial systems 
of both the upper and lower aquifer at the ACS NPL Site in Griffith, Indiana. Separate 
model implementations were developed to m~el the upper arid lower aquifer. 

UPPER AQUIFER SJMUUDONS 
Six pump and treat scenarios were e•aluated for the upper aquifer. The following 
tables and figures atea attached: 

T&bles: 
Summary of model input variables. 
Summary of model output results. 

F' s: . 
~te Difference Grid for Modflow. 

Steadr-State ~on-Remediation Flow Conditions . 
Plot of RBM2 head .mtribution after 90 days 
Plot of RBM4 head distribution after 90 da~ 
Qraph showing sumtned extraction rate for REMl-RBMS 
GraPh of water level in de-water area.for REMl-REMS 

Desqjption Of ModcJiuPmcedtue 
The model was implemented in a 30 column, 24 row finite difference grid, with 100 foot 
grid spacing. Aquifer thickness is variable bes:ause the a water table aquifer is beint 
modeled. The base of the aquifer is· assumed to be 620 ·feet ·msi. The water tabl 
elevation is variable across the Site, at 630 to 634 feet msl in the ACS facility; to le: 
than 625 feet in vicinity of the nnmicipallandfill where de-watering occurs continuous) 

The aquifer permeability values used were derived by conducting baildown ·tests at mt 
of the site monitoring wells. The results suggested that the hydraulic conductivity is 
order of DJ•gnitude higher·on the east side of~ the site thaa·along the western bound 
of the ACS facility. Grain-size aJtalysis of. aquifer samples indicated that the aqu 
matrix was coarser grained at the wells along the eastern boUndary. · Groundwater ! 
modeling was used to history match water table cOnfipration.L It was found that 
observed head distnbution in the upper aquifer was most reasonably achieved ii 
simulation. where ))ydraulic conductivity values were lOX lower on the western si1 
the site. 

The model was calibrated to known water table elevations, measured at approxiJ 
SO points across the site, including surface water locations, measured at four di' 
times throughout approximately one year. SenSitivity analysis was conducted ~ 
aerial recharge by infiltrating precipitation and 2) hydraulic conductivity. 
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Average annual precipitation in northwestern Indiana is 44 .inches. Simulations were 
run with assumed infiltrati~n of 4 to 20 inches (10 to SO percent). Infiltration amounts 
from 4 to 12 inches ga~e rcsults_wbicb were consistent with field observations .. Even 20 
inches provided reasonable results. In otherwords, the model was relatively insensitive 
to variations in t9tal infiltration amounts. 

The use of lower hydraulic conductivity values caused sipificant ~eviations from the 
observed water table beads. However, doubling and quadrupling the hydraulic 
conductivity had relatively little effect on the water table distribution. 

The major control on groundwater flow regime (and associated bead values). appears to 
be the steep gradient and interaction ·between recharge at ACS and de-watering in the 
landfill area. 

SIMULATION OF UPPER AQUifER REMEIIfADON 
ne calibrated groundwater flow model-~ used to evaluate several components of a 

., · ;pump and treat system. The major items· to test were the approximate elluent rates 
fibich could be expected, and the effect of placing a slurry wall around the pumped 
area. 

Six simulations were condUCted, REMl through REM6. Basic assumptions and results 
are summarized on the attached sheets. The following were the initial8SSUDlptions/set· 
up parameters: 

1. An approximate 24 acre area was surrounded by a lo-6 em/sec slurry wall. · 

2. The aquifer hydraulic conductivity varies from approximately to-3 em/sec along 
the east side of the site, to to-4 cm.fsec, 800 feet to the west, along the western 
ACS facility boundary. 

3. 12 extraction "drains" wete set up spaced about 200 feet apart within the slurry
walled area. (To simulate pumps would have required assigning un-varying 
pumping rates. However, since the ~ty is variable spatially, and since it 
will decrease as de-waterina occuri, it is desirable to have variable pumping rates. 
Within Modflow, "drains" remove the emuent available within a given model grid 
for a given time step. Therefore, the "drains" represent optimal pumping rates~) 

4. it was assumed that 1 foot of the annual precipitation recharges the water table 
each year. 
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Appendix A:. Groundwater Remediation Simulation 
ACSNPLSite 

., the following is a brief summary of the remediation simulationS: 

Page3 

· :·UMl: Simulated basic permeability with 1 foot of infiltration per year with a to-6 
cm/secsluriywall. - . 

, Total'&roundwater extraction rate started at 174 gpm, decreased to 24.JPm at 
the eDit of the bt year, when the water level appeared to reach- equilibrium 
.OOUt 4. feet above the bottom of the aq~er . 

REM2:_ ~er permeability was doubled, and sluny wall penneabili~ was increased 
~ lactoi of 4. To smmlate no ~ and excess infiltration inside tb~ slurry wall 
(perhaps-because of open excavations), the infiltration within the slurry-Walled 
area was doobled to 24 inches per year. __ 

~btly lower beads were achievable, because of more efficient de-wateiing, 
- pumping rates were higher, starting at 210 gpm and dropping to 42 gpm at 
one year. 

, REM3: 0~ aquifer· permeability was used, but slurry wall K value was increased to_;~_-
10:! . em/sec. - _. s 

The achievable water level was simUar to ~Ml, with sli&htly higher pumping 
rates: 175 gpm during first 30 days, 30 gpm ~r one year. 

REM4: No slu~ wall. The original aquifer concttions were simulated with 1 ft/yr 
infiltration. . l 
De-watering was less effective. The water Fle was lowered less than 2/3 of ..... 
the available saturated thickness, leaving ore than S feet of water in the · 
bottOm of the aquifer. -

REMS: No..slurry wall The hydraulic conductivity values were doubled. 

The acbievabl~ head values were approximately the same at locations ~de 
- de-watering locations (drains), bllt- tbe. gradient sl~ less steeply away from 

the de-watered area. Pumping rates to accomplish the drawdown were 
~cantly higher. - --

REM6: REMl was~ mooeled using 10 gpm well rates. The aquifer began to de-water-
after 60 days. _· · 

UPPER AQUifER RE~IADON CONOtUSI~ 
1. It is likely-that a&al~clia!p is in 'the rangeo6to 1S inches per year. 

2. Hydraulic conductivity: 
- Qualitatively, it is reasonable to assume that bulk transmissivity of the aquifer 

decreases from east to west. · 
• Quantitatively, there is uncertainty as to the actual hydraulic conductivity 

values at the site. The baildown tests provided an indication, but pumping 
tests would help to narrow the range. 
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The U.S.G.S Modflow model was used to evaluate potential pumping rates to 
hydraulically control the zone of potential contamination in th~ lower aquifer at the 
ACS NPL Site. 

Modtlow was configure Jo represent the lower aquifer with 3 layer, 30-column by 30 row 
model with 100 foot x and y grid spaciDg. ·The 3 layen were used -to represent a 60 foot 
saturated thickness. A 10-foot thickness was used for the upper layer, a 2Q-foot 
thickness was used to represent the second layer, and a »foot thickness was used to 
represent the lower layer. The length .and volume wdts used in the model were feet 
(i.e., grid spacing measured in feet, pumping rate meaiured in cubic feet). "Days" were 
the time unit used for the simulation. 

-
The simulated extraction wells were located only in the upper layer, thereby simulating 

,wells screened in just the upper 10 feet of a 60-foot thick aquifer. The hydraulic 
condu4;tivity for the upper 30 feet .of the aquifer (layers l-and 2) was assigned a value of 

:.3xto-2 cm.fsec (90 feet/day). The lower 30 feet of the aquifer (layer 3) based on RI 
tests) was assigned a hydraulic conductivity value of 6xto-2 cmj~c (180 feet/day), to 
represent an aquifer i:Qcreasing -in .per~eability with depth. The cross-sectional 
schematic is sketched on the attached maps of drawdown. 

Other model variables used to represent aquifer properties included storativity, specific 
yield and vertical hydraulic con4uctivity.· 

Storativlty of all aquifer layers was assigned to be SFl = 0.1. The specific yield of the 
uppei aquifer was assigned a value of SF2 = 0.25. 

Vertical Conductivity was established to be one-tenth of the horizontal conductivity. 
The vertical conductivity.is ii!J'ut to represent dle conductivity throuJl! the ~uifer layer 
from top to bottom, so it IS represented as the unit JC .. value d1vided by the layer 
thickness. Therefore, the model input values vary in each layer because of variable 
layer thickness, and the increasing horizontal permeability with depth. The following 
values were used: 1.0 per day for layer 1 and 0.5 per foot for layer 2. · · 

The ge~eral aquifer characteristics used in the simulation included the regional 
hydraulic gradient and the boundary conditions. The hydraulic gradient, based on site 
measurements, was 0.0006 ft/ft. The boundary conditions were used to set the regional 
gradient, by setting the outer rows and columns to constant head vahies. 

The groundwater extraction system wa8 modeled by simulating 4 wells extracting 
groundwater from the upper 10 feet (layer 1) at locations approximately 200 feet apart, 
arrayed along the northern edge of the suspected source of lower aquifer 
contamination. The model was conducted to simulate one year of continuous pumping. 

J 

, 
J 

j 

j 

-~ 

' 
j 

-
-

J 



-
' ./ ...._ 

-
-

. \ 

-

Appendix A: Groundwater Remediation Simulation 
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;. ·_By modeling, it was found that pumping rates of 2S gallons per minute (5000 cubic feet 
_·:, per day) at each of the four wells, sufficiently lowered the potentiometric head within 
·· · · the zone of suspected_ contamination .to result in hydraulic control. With this pumping 

rate, a total of 100 gpm, the hydraulic·gradient-occurs across at least the upper 30 feet 
of the lower aquifer. 
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Appendix·k Groundwater Remediation Simulation 
ACSNPLSite 

Table 1. 
S111111Dary of Input Variables 

Upper Aquifer Remediation SimulatiOn 
ACSNPLSite 

The following are the input parameters for the Modflow Implementation of the upper 
aquifer at the ACS NPL Site. 

Single layer, 30 column, 24 row finite difference grid. Uniform grid spacing = 100 foot. 

Ttme Units = days, Length Units = feet 
Time steps were generally 30 or 60 days. Single time step used for transient simulation; 

Boundary Conditions 
Row 1 is set generally as ·a No-flow boundary (IBOUND =0) 
Row 2 is generally a discharge zone 
Column 1 and Row 24 are established as GHB boundaries, by input unit 27. 
Column 30 is constant head boundary (IBOUND< 1) 

· · . Initial head values were developed from steady-state solution to Run 3. 

Aqpifer Properties 
Specific yield/storage coefficient set as 0.25 
Hydraulic conductivity range 

2.4 to 24 ft/~y (8.5:d04 to s.sxto-3 em/sec) 

Aquifer thickness calculated within model 
Top elevatiol) from head-value for node 
Bottom elevation set at 620 ft msl 

))iscbarp Areas 
De-watering at Landfill Excavation 
In ACS. • runs, "drains• used, via module 23. 
In REM. • runs, IBOUND used to set as constant bead values. 
Level set at 627 ft msl, field-measured value. 
Three river stretches set by module 24 
Creek along row 3 between column 2 and 9, set to 630ft msl 
Creek along row 2 between ~lumn 26 and 28, set to 630ft msl 
Ditch along north boundary simulated setting column 28, rows 3 - 15 at levels from 
630 to 631 
Ditch just west of Off-Site Containment Area set at 632 ft ~l,based on staff gage 

. SG-1 history. 
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App~ndix A: Groundwater Remediation Simulation 
ACS.NPL Site .... ',. -- ... ; 

Recbatp Areas 

Table L (coatbluecl) 
Summary otlaput Variables 

Upper Aquifer Remedlatioa Simulation 

Constant heads and GBH boundaries provide lateral recharge 
Module 28, used to. apply areal precipitation recharge 
Average ~al precipitation for area = 40 in/yr 

Page7 

Model calibrated assuming 10% infiltration (4 in/yr) ACS facility has no 
vegetation. · · 
Storm sewers from southeast drain into fire pond 
Drained area is about 20x the fire pond area. . 

Coefficient of 20 used for fire pond 
Coefficient of 2 used for much of unvegetated area 
Factor of 10 used in Off site area at internal drainage area north of Off-Site 
containment area. · 

Strongly Implicit Procedure (SIP} module used to solve modeL 



REM_SUH.WKl 

Simulation REH1 

Table 2 
Summary of Output 

Remediation Simulation 
Acs NPL Site 

Infiltrating precipitation 1 ft/year 
7.8E+06 gal/yr for the 24 acre area 

14.8 gpm " • • • 

12 groundwater extraction points (drains) 

Time 
(days) 

Total Pumping 
Head Rate (12 wells) 

0 634.1 ft 
30 630.1 ft 
90 626.8 ft 

180 625.1 ft 
365 624.2 ft 
730 623.9 ft 

·Simulation REH2 
-------------------

174 gpm 
80 gpm 
41 gpat 
24 gpm 
18 gpm 

Permeability of Aquifer doubled 
Permeability of Slurry Wall Quadrupled to 4x10-6 em/sec 

Infiltrating precipitation 2 ft/year inside slurry walled a 
1.6E+07 gal/yr for the 24 acre area 

29.6 gpm • " " " 

12 groundwater extraction points (drains) 

Time Total Pumping 
(days) Head Rate (12 wells) 

------ --------------· 
0 634.1 ft 

30 629.6 ft 210 gpm 
90 626.1 ft 108 gpm 

180 624.1 ft 62 gpm 
365 623.3 ft 42 gpm 
730 623.0 ft 36 gpm 
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Table 2 {continued) 
Sun11ary of Output 

Remediation Simulation 

Simulation REM3 

Sa.e as REM1, exc~pt 
Permeabilfty of Slurry Wall- increase to lOe-5 cmVsec 

Infiltrating precipitation, . 1 ft/year inside slurry walled a 
· 7 .8E+06 gal/yr for the 24 acre area 

14.8 gpm • • • • 

12 groundwater extraction points {drains) 

Time 
{days) 

-----
0 

30 
90 

180 
365 
730 

Total Pumping 
Head Rate {12 wells) 

634.1 ft 
630.2 ft 
626.9 ft 
625.2 ft 
624.3 ft 
624.0 ft 

175 gpm 
84 gpm 
47 gpm 
30 gpm 
25 gpm 

Simulation REM4 

Same as REMl, except NO Slurry Wall 

Infiltrating precipitation l ft/year inside slurry walled a 
7.8£+06 gal/yr for the 24 acre area 

14.8 gpm • • • • 

12 groundwater extraction points {drains) 

Time 
(days) 

0 
30 
90. 

180 
365 
730 

Total Pumping 
Head Rate (12 wells) 

634.1 ft 
631.0 ft 
627.4 ft 
625.9 ft 
625.2 ft 
625.0 ft 

201 gpm 
124 gpm 
93 gpm 
80 gpm 
76 gpm 



Simulation REMS 

Table 2 (continued) 
Summary of Output 

Remediation Simulation 

Same as REMl, except NO Slurry Wall 
and K doubled 

Infiltrating precipitation 1 ft/year inside slurry walled a 
7.8£+06 gal/yr for the 24 acre area 

14.8 9PI • • • • 

12 groundwater extraction points (drains} 

Time 
(days) 

Total Pumping ' 
Head Rate (12.wells) 

0 634.1 ft 
30 630.1 ft 

.90 627.2 ft 
180 625.9 ft 
365 625.4 ft 
730 625.3 ft 

245 gpll 
170 gpm 
138 gpm 
124 gpa 
121 gptR . 
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' STEADY-STATE NON-REMEDIATION FLOW CONDITIONS 
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Figure A. Finite-Difference Grid, Model ,~ode Assignments 
For Northwest Area Groundwater Remediation · 
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Figure B. I 

J 
Gradient Control In Northwest Area, 5 2-gpm wells 
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Lower Aquifer Simulation Cross-Sectional View 
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Lower Aquifer Simulation 

Layer2 

) 

Layer 2 Four 25 gpm wells screened Layer 1 
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Supplement to Appendix A, ACS NPL Site, Feasibility Study · 
Groundwater Modeling - Northw~ Area 

A zone of affected groundwater was identified in the upper aquifer extending 500 to 600 
feet to the northwest of the ACS facility (Northwest Area). The groundwater contained 
leVek of BETX greater than 10 ppm, and levels of chlorinated ethanes greater than 1 ppm. 
After the implementation of a groundwater pump and treat system to remediate the 
groundwater within the ACS facility and the Off-Site Containment Area, there is still the 
potential that groundwater gradients in the Northwest Area may ·still be toward the 
,northwest, away fro_m the Site. 

Over pumping of the upper aquifer could be expected to relatively quickly de-water the 
upper aquifer in the Northwest Area because of the following factors: the relatively low 
hydraulic conductivity, the relatively thin saturated thickness, and the absence of major 
recharge sources (other than the drainage ditch). 

The saturated thickness of the upper aquifer in the Northwest Area is appro~mately 12 
feet. Findings of the Remedial Investigation indicate that the hydraulic conductivity of the 
upper aquifer in the Northwest Area is approximately 3xlo-3 ft/min (1.5xto-3 em/sec). In 
addition, remediation would be causing de-watering of the aquifer to the east, upgradient 
from the Northwest Area. 

Groundwater flow modeling was used to evaluate the number of groundwater extraction 
wells, their locations and their pumping rates, to effectively control the groundwater 
gradient, without de-watering the upper aquifer (and wetland areas) in the Northwest 
Area. The groundwater model remedial implementation was used (REM4. *J. Attached 
Figure A shows the finite-difference model grid node assignments for the model. Figure B 
is a plot of the modeled Water table which results when five, 2 gpm extraction wells are 
placed in the Northwest Area to control the upper aquifer hydraulic gradient, during the 
remediation of the ACS facility and Off-Site Containment Area. (It should be noted that 
the orientation of the plot in Figure B is rotated 90 degrees counter-clQCkwise from Figure 
A). This is because the model uses a column and row coordinate system (3rd qUadrant 
plot) and the plotting program plots uses an X-Y coordinate system (first quadrant plot). 

Assuming the RI estimates of hydraulic conductivity, a total groundwater extraction tate of 
approximately 10 gpm will control the hydraulic gradient. However, a pumping rate 
greater than 2 gpm at any one 'location is likely to de-water the aquifer in the vicinity of the 
well and limit pumping efficiency. . 

The estimated volume of affected groundwater in the Northwest area is 900,000 cubic feet 
(7 million gallons). The calculation is based on the following assumptioM: aquifer area = 
500ft by 600ft, saturated aquifer thickness = 12ft, and aquifer porosity = 25%). With a 
continuous total groundwater extraction rate of 10 gpm, this volume of water would be 
extracted from the upper aquifer in approximately 500 days. 
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APPENDIXB 

DETAILED COST ESTIMATES 

Detailed cost estimates are presented by task for each alternative discussed in Section 
4.0 of the FS. line item costs are presented for each of the primary tasks necessary to 
implement the alternative. So~n:e of the individual tasks ~e common to the 
implementation of all of the alternatives (e.g., surface water diversion, site preparation). 
The total net present worth (i.e., the sum of the total capital costs and total present 
worth O&M) was cal~ted for each alternative for cost-~mparison purposes. 

The cost e5timatts have been organized ·according to the following categories: 

Direct Capital Costs: includes all labor, equipment and materials costs directly 
associated·with the acquisition and installation of source and groundwater 
treatment ·systems, as well as the implementation of necessary tasks prior to the 
installation of the treatment systems. These are mostly one time only costs 
incurred at the beginning of th~ projed. The basis for each of the line item cost 
estimates is also presented (e.g., 65,000 cubic yards of soil foT on-Site 
incineration of buried waste in Alternative 3A); · · 

Indirect· Capital Costs: includes all labor associated with ancillary support 
services necessary to complete the ta5Q included in the direct capital ~ts (e.g., 
engineering design). Th~ costs have been presettted as a percentage of the 
direct capital costs. The percentages-listed under"% _capitar havo· been 
adjusted accordingly if an Indirect eapital Cost line item bas been assumed to be 
the same for more than one of the· alternatives for purposes of alternative 
comparison. For most of the alternatives, tho costs -ass~ted with the "Design 
Level Investigation", "Engineeting Design", '!Startup Costs" and "Ucense/Permit 
Fees/Oversight" subcategories have been assumed to be approximately the same 
for most of the alternatives. · 

Qperation and Maintenance tQ&M) Costs: includes labor, raw materials, 
,utilities, maintenance, analytical, etc. costs associated with operating eaCh of the 
components of the remedial action system. lt also includes the costs associated 
with ·the administration and oversight of the remedial action alternative. These 
costs are incurred on an annual basis until the remedial action alternative has 
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been completed. The pre~nt worth was determined for each of the O&M line 
items based on a 5% discount rate and the number of years the O&M costs 
associated with that line item would be incurred. 

The following is a brief description of the primary line items included in the "Direct 
Capital" and "O&M" categories: 

PIRECf CAPITAL cosTS 

Surface Water Diversion: includes the construction of a surface water runoff collection 
system (e.g., drainage ditches) to take the place of the Fire Pond which ha.S been 
proposed to be filled in during remedial action activities. 

Site Preparation: includes the dearing and grubbing of ~ource treatment areas, the 
installation of additioruu utility lines and the construction of additional access roads etc. 

Groundwater Extraction S,Su;m: includes the installation of all wells, pumps and header 
piping associated with the upper aquifer dewatering .and eontalnme~t systems. It was 
assumed that vertical extraction wells would be installed. 

l:. Groundwater Treatment &Jstem: includes all eqUipment and installation costs 
associated with the groundwater treatment system. The capital cost is based on the use 
of air stripping and ion exchange as the primary .treatment process options. The number 
of wells for Alternative 2 is assumed to be less than other treatment alternatives since 
only off-Site pumping would be required (i.e:, Site would not be dewatered). The slurry 
wall system would contain on-Site groundwater. The groundwater pumping rate for 
Alternative 4 was· assumed to be less than the remaining treatment alternatives since this 
alternative does not require the Site to be dewatered. 

Remove ACS Tank Farms: includes the dismantling and removal of two current tank 
farms located on top of the Still Bottoms and Treatment Lagoon Areas: 

Excavation of Drums: includes the excavation of intact buried drums located in the On
Site Containment, Still Bottoms and Treatment Lagoon Areas. 
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Repackgjpa aruJ Off-Site Incineration of Qrums: includes the placement of excavated 

drums into overpack drums and transportation and disj>osal costs associated with off-Site 

incineration. 

Off-Site Diaposal of Drum and Misg;llinleous Debm: includes excavation and off-Site 
. . 

disposal costs for drum carcasses and remnants, free liquids and other miscellaneous 

debris encountered during remedial acti~n activities which would otherwise interfere 

with the implementation of an alternative. 

Source Treatment: includes all equipment and installation costs associated with the 

primary so11rce treatment process option listed in the alternative description. The costs 

associated with the Construction of any sttuctures, foundations or buildings required by 
the treatment system would also be included in this line item. 

The total costs associated with On-Site incineration and low temperature thermal 

treatment were presented on a unit cost basis under the "Direct Capital Costs" category. 

On-Site thermal treatment is typically performed by a vendor on a mobile basis (i.e., 
' . ' 

capital equipment would not be purchased). Costs would be paid on a monthly or per 

volume of soil treated basis. It was considered more representative to present the costs 

associated with thermal treatment m this manner. ' . 

..... O&MCOSTS 

. . 
Groundwater Monitori_,.: includes labor and analytical costs for groundwater sampling 
performed on a quarterly basis. 

GrouruJwater E¥ttacticin Wells: includes utility ~,-:maintenance costs associated with 

operating the groundwater extraction system. 

Groundwater Treat~ent: includes labor, raw materials, utilities, maintenance, 

analytical, etc. costs associated with operating the groundwater treatment system. The 

O&M cost is based on the use of air stripping and ion exchange as the primary treatment 

process options. The total annual O&M cost was split into thirds to allow for lower 

treatment costs with time based on decreasing influent concentrations with continuous 

-,. · .. · .. : 



source treatment and groundwater flushing. •Initial Groundwater Treatment• 
corresponds to the time period of highest influent conoentratioDS prior. to the completion 
of source treatment activities; while "'ntermediate Groundwater Treatmen~ corresponds 
to the time period of decreasing influent concentrations following the completion of 
source treatment activities; and "Final Groundwater Treatment• corresponds to the time 
period of lowest influent concentr&tio~ following the completion of source treatment 
and allowing for the effects of continuous groundwater flushing. · 

In:mranr.c;: includes contractor insurance costs aSsociated with remedial aCtion activities, 
and was calculated as a percentage of the direct capital cost for the primary soils and 
buried waste treatment process option. It was assumed that the cost for insurance would 
only be incurred ~d oVer the treatment time frame for buried waste and soils. 

· Reserve Fund: includes funds which are set aside for the replacement of capital 
equipment that may become indperable ·or obsolete over the course of remedial action 
activities and was calculated as a percentage of the direct capital cost for the primary 
soils and buried waste· treatment process op~on. It was assumed that the cost for the 
reserve fund would only be incurred over the treatment time frame for buried waste and 
soils. 

~: AcJmini&tration: includes contractor oversight and client and Agen<.y_ correspondences 
associated with remedial action activities. 

Cost 8ensitiyity palysls 
Since the primary variable included in the cost sensitivity analysis were found to impact 
only the magnitude of the cost estimate and not the relative comparison of altemativ~ a 

. qualitative discussion is presented as opposed to quantitative estimates of the cost range 
for each alternative .. Separate discussions of variables which can affect the casts of the 
groundwater treatment process options retained for detailed anaiysis are presented 
throughout Section 4.2. 7. Presented below is a brief discussion of the primary variables 
which could potenti8.uy impact .the magnitude of the cost estimates, as well as the 
alternatives most likely to be impacted by variations in th'e assumptions used in the 
preparati9n of the cost estimates. 
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Ireat};Mnt Iipae FfiLlll': Variations· in the assumed treatment time frames for 
each alternative would directly affect to the present value 0 & M costs for each 
alternative. Variations in the treatment time frame assumptions are most likely 
to occur for Alternatives 4, S, 6 ·and 8 since time frames for these alternatives 
are sensitive to. contaminant reJnoval rates. Treatment time frames for 
Alternatives 2, 3 ~and 7 are more. depenttent on material handiing operations 
which are less h1tely to vary from the ass~d values, · 

Buried Waste Qelination: A variation iJ;l the percentage of materials to be 
treated that meet the criteria of buried ~-would have the n:tost impact on 
costs for altell:l8tives involving separate treatment pr:ocess options for buried 
waste and soils. The costs for AlternatiVes 3 and 6, which involve thermal 
treatment of bUried waste and alternative soils treatment, would be impacted 
the most by· a variation in the percentage of buried waste to total materials 
requiring treatment. 

. .~ 

SoU. \Tolnme: A-variatiQn ~ the volume of soils requiring treatment would . 
have the most impact 011 the eosts of proceSs options whose 0 & M costs are .l#, 
direcdy tied to material handling requiremen,ts. 'Ibe costs for alternatives 4, 7 
and 8, which either involve treating a.specified surface area or excavating and 
handling so~ WOUld be impacted the most by variations .in soil volume from 
the assumed values. The costs for Alternatives S and 6 would be· impacted to a 
lesser oegree by variations in the soil volume ·to be treated since the installation 
of additional extraction wells does not ·represent -~ significant percentage of the 
overall costs for these alternatives. Besides some increase to the 0 & M costs, 
the remaining costs associated with Wpor extraction treatment for Alternatives 
S and 6 are fixed in relation to the volume of soils to be treated. 

Averue Contaminant CouCentrations: ~ significant variation from the 
assumed contaminants concentrations would have the most impact on the costs 
of process options whose 0 & M costs are directly tied to the total mass of 
contaminants removed. The ~sts for Alternatives 4, S, 6 and 8 would be 
impacted the most by significant variations from the assumed contaminant 
concentrations since· 0 & M costs associated with air pollution control and 
treatment time frame would vary. Refer to the above discussion pertaining to 
cost sensitivity ~nvolving "Treatment, Time Frame." 0 & M costs for 
Alternatives 3 and 7, which involve thermal treatment, are relatively insensitive 
to variations in contaminant concentrations. 



Criteria Used to Delineate Buried Waste and Soils: Variations from the 
assumed criteria used to delineate buried waste and soils would have a direct 
~pact on the volumes to be- treated. Refer to the above discUssions pertaining , 
to cost sensitivity involving "Buried Waste Delineation" and "Soil Volume." 

Health-Based Oeangp Criteria: The establishment of final· cleanup criteria 
would have the most impaCt on the costs of process options where mass transfer 
relationships (e.g., de,sorption, diffusion) may limit the rate of contaminant 
removal and final residual contaminant levels which are achievable. The 
treatment time frames for Alternatives 4, S, 6 and 8 (in-situ steam strippin& 
vapor extraction and biological treatment) may be affected by mass transfer 
relationships. · Assumed ·treatment time frames for Alternatives 3 and 7, which 
involve thermal treatment, are insensitive to mass transfer relationships. 

Unit COsts for Treatment: Thermal treatment is the only process option for 
which the entire cost of treatment is based on an average of unit costs provided 
by multiple vendors. ·Since Alternative 7 involves thermal treatment 
exclusively, it Would be the most sensitive to variations in assumed unit costs. 
Alternatives 3 and· 6, which involve thermal treatment of buried wastes only, 
would be less sertsitive to variations in the llllit cost. The cost estimates for the 
remaining proces5 options were compared against literature and vendor quoted 
unit costs- as a method of comparing the relative accuracy of cost estimates 
prepared by alternative means. 

Groundwater TrptrrHmt variables: Variables which could impact the capital 
and/or 0 &: M costs for groundwater tx:eiatment include pumping rate, 
treatment time frame and average contaminant coneentratiot$. Variations 
from assumed val~es would directly affect groundwater treatment costs. A 
detailed cost sensitivity discussion of each -v.nable is not presented since 
groundwater treatment costs are relatively constant for all of the alternatives , 
except Alternative 1 (No Action). Variations from the assumed values should 
impact the costs of each of the alternatives equ~ly. 
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ADDENDUM To APPENDIX B 
BREAKDOWN AND BASIS or coST EBriMATU 

I- AL'IBINADYB D'f.Mt.2 TOT6L~ .161§ 

L UNBITBMS OOMMON . 
TO NUL'J1P1.8.ALTBRNA11VBS 

....... A. DiJec:t Capital CCIIfS ..,._Water~ aoo,ooo ...... S52S.D 
T..t DemoUtioD S150,1JOO 

....-or~ $50,IIIX) StoO.Jcdna ualt coat baled oa put 
•• .. willl.-.r applbtioal 

.,........,_,0«~ ~,... Vt~~~torquote 
Site llldaeradaa ol Dnaml 

I / ._, 
Olf-~ol S1.(100,(l00 J!aalaeeriDa estimate 
Milcellaneoul Debril 

Osowldwllter Bllracdoa s,.aem 
S4,G~ a...lled W1it eDit b..s .oa. - ...... $100,000 
~~wllb...,..,.Qtioas 

;·:-b. pulllPI $25,000 .eoofpa•LJ;atallod·Meaa•· 
~(1 .:"f: 

c.pipiea $200,1100 $19:/lia .. r foot hiatallect-Meaaa - O.UUI:Iioa·(19t0) '!<"' 
d. elec:llicll/bea tnlda& $130,000 Bapaecrl~& eatimate aad paat 

aperieece~a.DarWlleaMu . 

i B. Auall oaM eo. Sail~ $300,000 $19.GOfca.Jd. total ulrit coat·Meaaa - ~(19'JO) . 
GIOIItldwater Noa.itocia& $200,000 BaalaeeriDJ eath .. to aad paat 

aperieDc:e witb iimilu applianioDI . 
,._ 

Oroaaclwater Bxtactioa. $65,000 BIIIJaeerillleatimMe 

Ad8illiltNtioa. $200,000 Bft&iaeerial admate 
-..../ 

~ D. O.ROVNDWAT81l 'J'REATNBNI' 
raocessomoNS 

A.=~Direc:t Bquipmcllt $240,000 U.S. BPA (1990), Hall et al. (~I 
1981), Chemical BqiaectiaJ (1 ), 
weclor ......... ,_ apedcaec wi1ll 
limDar applkatiols 

'l'llenllal Tlatmcat Uait $300.,000 U.S • .BPA (1990) aDd MuUins et. al. 
(Nayl988) 

- --~~Aaaual Bmacat Calbon R.cpa.entioD $200,000 BDaiDeeriDI estimate 

'I1Icnnal Treatmcat SZ$0,000 U.S. EPA (19!10) 

Utilidea 155,000 J!aaiaceri"l Cllieate . 

c. ~Dinct 
Capital CCIIfS Bquipmcat $1,800,000 Vcador quote 
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·ADDENDUM TO APPENDIX B 
BREAKDOWN AND BASIS OF COST ESTIMATES 

ALTEBNAJIYE 
D. Biolqpeal ADnual 

OctM Colts 

B. UV /Oxidation Direct 
Capital Celts 

F. UV /Oxidation Annual 
OctMColtl 

G. loo l3.xchaop 
Capital Colts 

IL Ion Exdwlp AnnUli 
<>aM Colts 

W. AL'IERNAllVB 2 

A. Direct Capilal Colts 

rrBM1,2 

~Nutrieatl 
aadOXJF" 
CadJon Repaetation 

Llbar 

Bcpipment 

HJdropn Peroxide, 
Blecttic:ity, Ol.ooe . 

Bquipmeat 

Raw Materials, Utilidcl, 
~ofBidtwub 

Shiny Wall 

B. .ADmlal O&M Colts .None 

IV. ALTERNA'I1VE 3 
(THBRMAL TREATMENr) lnciaelatioJI 

Low Temperature Thermal 

V. ALTERNA11VE4 
(IN..SITU STEAM STRIPPING) 

A. Direct Capilal Costs 

Steam System 

Vapor Treatment 

-z-

TOIAl.cosr3 

$160,000 

$150,000 

$6S,OOO 

$800,000 

$660,000 

$100,000 

$110,000 

$1,000,000 

$700,000 

$1.4 millioo 

.DMI§ 

Veador quote 

I!IIJineeriDI estimate 

Bnfiaeeria& estimate 

Vendor quote 

Veaclor quote 

U.S. EPA (Juoaay 1987) 

U.S. EPA (,Juuuy 1987) ud 
CD&ineeriDJ estimatel 

SUO/~q.ft. unit ,:o~t tl9elapd fJom U.S. 
BPA (October 1987) 

$450/c:u.Jd. unit c:olt for c:apital and 
annual O.tM ia average of multiple 
vendor quotes 

$300/c:u.,s. unit c:o~t for c:apital and 
annual O.tM ia average of multiple 
vendor quota 

Extrapolated from U.S. EPA (August 
1990) 

Bxtrapolated from CheremiSDoff 
(Man:b 1985), Hill, et al. (April1982), 
Chemic:al Engineering (1988) and 
enr,ineering estimatel 

U.S. EPA (September 1986), Vatavuk 
ud Neveril (November 1980 and July 
1982), Hall, et al. (Apri11982), vendor 
quotes and engiaeeriag estimates 
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ADDENDUM TO APPENDIX B 
\..- BREt\KI)OWN AND BASIS OF COST ESTIMATES 

..... AL1'BRNA11YB ITBM1~ TarAL CQS'I9 .. 
B. Aapal o.tM 0.. ~labor) S2.6 miJiioa B:dnlpOiucd from U.S. EPA 

(AIIplt 1990) - SleiiD System . UOO,OOO &lnlpolatecl &om CheremiiDoft 
(eJectritity, fuel, c:Jiemkall) (Mudi19BS) IDd eqiDeeda& ellilbata 

V8p01' neatmeat 
(power, liquid ad cuboD 
repaaatioD, ...,_. ol 
caadealled ~) 

$500,000 &peeriDf eatlmata 

' -../ 
~ VI. ALTBRNA11VBS 5 and fl. 

(V APOil EXI'RACI10N) 

A. Dbec:t Capiq) Colts Pumpa, Pipiaa, $150,000 ....... Ccutruc:tioD (1990), waclor 
Heat T~atiag. etc. qootc1, e~ Cltiaaata ad Jllll .__ experieace with • applicltioas 

'I'bermll Treatmeilt Uait S300,000 Vatawt aad Newril ~mbcr 1980 '• 
. ;(, 

: aad July 1982), U.S. A (September 
~ 

1986) -
Bxtsactioll Weill aad Mulfold 

Neaas Coptructioa (1990), wndor PipiD&IDstallatioa $150,000 
q-- .. J*t a:periencc witlllimllar 
llpplkatioal - B. .Amlual 04M Colli "'berma1 Tftatment Ullit $200,000 U.S. EPA (September 1986}, U.S. EPA 
{MI.f 1990) ..... Cftllaeaial Cltimata 

Naiateuaee ad Maaitoriac $110,000 · Baaiaeeriaa esdaates aad put 
Cllplriellce with ...... IIPflllcadoM 

Blcctridty $30,000 ~atimata 

,.._/ - VD ALTBRNA11VE 7 
('I'HElU4AL TRBATMENT) 

JnciDe'Jatioa $450/c:u.yd. uait COlt for capital aad 
aaaual OAN il avenp of multiple 

~ "Weador quotes 

Low Temp "'berma1 $300/c:u.yd. unit coat for c:apital aad 
annual O.lM ia averaae of multiple 
~quota 

VID ALTBRNA11VB 8 
(LANDFARMIN~ 
A. DiftCt Capiq) Install eomp.eted Cay $380,000 $12.87 uit coat; Mea01 Coastnac:tion 

(1990) and enpneeriDJ atimata 

Install M~raaefSancl $400,000 $3.50/sq.ft. unit cost; Meaas 
Construction (1990) ud en&fneering 
estimates 

Endosure . $850,000 $6.76/sq.ft. aait cost; Means 
Construction (1990) and CIIJineering 
estimate~~ 

FUme lac:inerator $300,000 Vatnvt and Neveril (Ncwember 1!180 
and July 1982) and U.S. EPA 
(September 1986) 

Air CoUec:tioa S)'ltenl $200,000 - Meana Coastruc:tion (1990) and 
eqilteerinJ cstimatCII 
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ADDENDUM TO APPENDIX B 
BJW,KDOWN AND BA$18 OF COST ESTIMATES 

A&,TBRNA'llVE QJN1.2 TOT4Lcosr3 JMim 

XL 

B. Annual O&:M CDIU PoRt, Nutrielttsud Wtter $300,000 Baahaceriaa estimates and past 
CllpOiieace wicb ~ appliea1iaal 

. ' 

Labor $150,000 Baalaeeria& estimates and past 
aperie8ce with limilar applic:atioai 

ALTBR.NA'llVE 8 
(SLURRY-PHASE MORBACI'OR) 

A. DiRCt Capital CDIU Bquipmeat $2,800,000 Hall, ct al. (April 1982), Chemical =rille (1WS), Means Coastructioa 
{ .eador quote 

B. Annual O.t:M Colts Power, Natrients, Water 
uclLabor $900,000 Baptoeriaa estimates 

Iutallatioa (e.J., meebaaical, elcetrica1, etc:.) and ua~ mainteJiallee were aaumed to be 
~nraaa or t11e c:apMa COitl blllld aa ~J~L 

3. All co.ts obtained f10111 refaaces. etc. were cocwcrted to 1991 dollars Uliac anmnnn.t.. 
Chemical Jla&illeeriftl Plallt CAIIt Jacliees obalilled ftoal Cllemial Enp.eeri11c Mapzro.;:-r--

4. Refer to IV for thermal beatlilellt COlt bJeakdowD for Altemative 6. 
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ALTERNATIVE 2 , 
SLURRY WALL SITE; AND GROUNDWATER PUMPING AND TREATMENT . 

ITEM 

DIRECT CAPITAL COSTS 

Surface Water Diversion 
Groundwater Extraction Wells 
Groundwater Treatment 
Slurry Wall 

INDIRECT CAPITAL COSTS 

Mobilization 

Heal~ & Safety 
Design Level Investigation 
License/Permit Costs/Oversight 
Scope Contingency 

UNIT QUANTITY 

Jump sum 
wells 

gpm 
sqft 

1 
6 

100 
116,000 

1 TOT AI. DIRECT CAPITAL COSTS 

" OF CAPITAL 
10" 
10" 
30% 
10% 
15% 

TOTAL INDIRECT CAPIT AI. COSTS 

OPERATION&. MAINTENANCE COSTS 

ANNUAL DISCOUNT NUMBER 
I 

O&M RATE OF YEARS 

Groundwater M~toring $200,000 s" 30 
Groundwater Extraction Wells $20,000 S% 30 
Groundwater Treatment ~0,000 s" 30 
Reserve Fund $10,000 s" 30 
Administration $50,000 s" 30. 

TOTAL PRESENT WORTH O&M 

TOTAL NET PRESENT WORTH 

COST 

$200,000 
$200,000 
$800,000 

$1,000,000 

$2,200,000 

$220,000 
$220,000 

$660,000 
$220,000 
$330,000 

$1,650,000 

PRESENT 
WORTH 

$3,074,000 

$307,000 
$3,843,000 

$154,000 
$769,000 

$8,150,000 

$12,000,000 



ALTERNATIVE 3A 
EXCAVATION AND ON-SITE INCINERATION OF BURIED WASTE; 
AND GROUNDWATER PUMPING AND TREATMENT 

ITEM 

' 
1..... 

DIR:ECT CAPITAL COSTS 

·Surface Water Diversion 
Site Preparation 

\ -/ Grouadwater Extnction System -
i 
~ 

i 
I -
' -
-

Groundwater Treatment System 
llomove ACS Taut Farms 
Excavation of D~ 
RepacbJing and Off-site 

Incil¥fttion of Dnuna 
Off-site Dilposal of Drum 

and Miscellaneous Debris 
Trial Bum 
On-site Incineration 

L _..... INDIREcr CAPITAL cosrs 

Mobilization 
Health & Safety 
Design Level Investigation 
Engineering Design 
Startup ~ta 
License/Permit Feea/Ovenight 
Scope Contingency 

\ 

UNIT QUANTITY 

lump sum 1 
lump sum 1 
wells 24 
gpm 200 
lump sum 1 
drums 500 
drums 500 

lump sum 1 

lump sum 1 
cuyds 65,000 

TOTAL DIRECT CAPITAL COSTS 

TOTAL INCINERATION COSTS 

S OF CAPITAL 
20S 
20S 
12% 
12% 
12$ 
20S 
30S 

TOTAL INDIRECT CAPn' AL COSTS 

.UNIT 
COST 

$450 

COST 

$200,000 
$525,000 
$500,000 

$1,200,000 
$150,000 
$50,000 

$350,000 

$1,000,000 

. $200,000 
$29,250,000 

$4, 180,()()() 
$29,250,000 

$836,000 
$836,000 
$502,000 
$502,000 
$502,000 
$836,000 

$1,254,000 

$5,270,000 
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- ALTERNATIVEJA 
EXCAVATION AND ON-SITE INCINERATION OF BURIED WASTE; 
AND GROUNDWATER PUMPING AND TREATMENT 

OPERATION A MAINTENANCE COSTS 

Groundwater Mcmitorina 
Gi-ounctwater Extraction Wells 
Initial ~water Treatment 
Intermediate Groundwater 

Treatment· 
Fiaal Groundwater Treatment 
Insurance 
Reserve Fund 
Administration 

ANNUAL 
O&c.M 

DISCOUNT I NUMBER 
MTE OFYEARS 

$200,000 ss 30 

$65,000 s" 30 
$250,000 s" 10 

$250,000 s" 20 

$250,000 5" 30 
$50,000 5" 1 
$50,000 s" - 1 

$200,000 ss 30 

TOTAL PRESENT WORTH O&M 

TOTAL NBT PRESENT WORTH 

PRESENT. 
WORTH 

$3,074,000 
$999,000 

$1,930,000 
$3,116,000; 

$3,843,000 
$48,000 
$48,000 

$3,074,000 

$16,130,000 

$54,800,000 
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ALTERNATIVE 3B 
EXCAVATION AND ON-SITE LOW TEMP THERMAL TREATMENT OF BURIED WASTE; 
AND GROUNDWATER PUMPING AND TREATMElrr 

UNIT 

DIRECT CAPITAL COSTS 

Surface Water Divenion· 

QUANTITY 

1 

UNIT 
COST 

lump sum 
( ...._; $ite Preparation lump sum ' 1 . - Groundwater Extraction System wells 24 

Grouudwater Treatment System apm 200 

i 
.Remove ACS Tank Farms lump sum 1 - EXc&vation of Drums dfUDIS soo 
hpaclatjing and Off-site dl'UilU soo 

i InciDeation of Drums I - Off-site Disposal of Drum. lump sum 1 
md Miscellaneous Debris 

Treatability/Pilot Study lump sum 1 - On-site Low Temp cuyds 65,000 $300 

TOTAL DIRECT CAPITAL COSTS ..... 
· TOTAL LOW TEMP COSTS 

I ""-' 
\, 

INDIRECT CAPITAL COSTS 
' 

,r; OF CAPITAL 
Mobilization 20" 
Health & Safety 20" 
Desian Level Investigation 12" 

' Engineering Design 12" '-- ' Startup Costs 12" 
License/Permit Foes/Ovenight 20" 
Scope Conlinaency 30" 

TOTAL INDIRECT CAPITAL COSTS 

COST 

$200,000 
$525,000 
$500,000 

$1,200,000 
$1SO,OOO 
$50,000 

$3So,ooo·· 

$1,000,000 

$200,000 
$19,500,000 

$4,180,000 
$19,500,000 

$836,000 
$836,000 
$502,000 
$502,000 
$502,000 
$836,000 

$1,254,000 

$5,270,000 
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ALTERNATIVE 3B 
EXCAVATIOJJ AND ON-SITE LOW~ THERMAL TREATMENT OF BURIED WASTE; 
AND GROUNDWATER PUMPING AND TREATMENT 

OPERATION&. MAINTENANCE COSTS 

Groundwater Monitoring 
'Groundwater Extraction Wells 

Initial Groundwater Treatment 
Intermediate Groundwater 

Treatment 
Final Groundwater Treatment 
Insurance 
Reserve FUDd 
Administration 

, 
ANNUAL DISCOUNT NUMBER 

O&M RATE OF YEARS 

$200,000 s" 30 
$65,000 s" 30 

$250,000 s" 10 
$250,000 s" 20 

$250,000 s" 30 
$50,000 s" 1 
$50,000 s" 1 

$200,000 s" 30 

TOTAL PRESENT WORTH O&M 

TOfAL NET PRESENT WORTH 

PRESENT 
WORTH 

$3,074,000 

$999,000 
$1,930,000 
$3,U6,00o 

$3,843,000 

$48,000 
$48,000 

$3,074,000 

$16,130,000 

$45,100,000 



ALTERNATIVE 4 
IN-SITU STEAM STRIPPING OF BURIED WASTE, SOILS AND GROUNDWATER; 
AND GROUNDWATER PtiMPJNG AND TREATttfENT 

UNIT QUANTITY 

DIRECT CAPITAL COSTS 

. 
l ...._)Surface Water Divenioo lump 111111 1 
L.. Site Prep.ratioll lump 111111 1 

Grolilldwater Extractioa 5yltem weU. 24 
i Grouadwater Tr.tmeat Syatem· ..,. ISO 
'- lte.mov• ACS Taak Parma lumpaun 1 

Excavadaa of Drums dnuu soo 
I RepecbJiDI aDd Off-site clruml soo - IDciDeratiCIIl of Drums 

L 
Off-site Dilpojlal of Drum lump IUIIl 1 
_.. Mile6aeou Debris 

Pilot S1ucly lump 111111 1• 
In-Situ s~ Stripping augen 8 

- TOT AI. DlltiiCI' CAPIT AI. COSTS 

l -._.,; 
I -
...... 

JNDIRBcr CAPITAL OOSTS 

.._ ~OF CAPITAL 
Mobilization 10~ 

Health & Safety • 10" 

I- Delip LevelJaveai&atioD 6" 
EqiJieeriac Delip 6" 
Startup Colts 6S 

- LioealeiPenait Feea/Overaiaht 10~ 

Scope Coatiapoey 1S" 

TOTAL INDIRBCT CAPITAL COSTS 

COST 

$200,000 
$475,000 
ssoo,ooo 

$1,000,000 
$150,000 
sso.ooo 

$350,000 

$1,000,000 

$200,000 
$4iSOO,OOO 

$8,430,000 

$843,000 
$843,000 
$506,000 
$506,000 
$506,000 
$843,000 

$1,265,000 

$5,310,000 



' -
- ALTERNATIVE 4 

IN-SITU STEAM STRIPPING OF BURJ£D WASTE, SOU..S AND GROUNDWATER; 
AND GROUNDWATER PUMPJNG AND TREATMENT 

L 

L 
OPERATION ct. MAINTENANCE CO$TS 

! 
i 

Grouadwater Maaitoriag 
OnJuadwater EXInelioa WoUa 

'- IDitial OJ:ouadwater Tftlltlaeat 
Fiual GltMIDdwater Treatmeat 
·~a-situ Steam StrippiDa 
IDnraDce L 
Relerve FUDCI 
Admiaistratioa 

-
: "-..·· 
L... 

ANNUAL 
O&M 

. $200,000 
$6S,OOO 

$325,000 
$325,000 

$2,100,000 
$50,000 
$50,000 

$200,000 

DISCOUNT NUMBER 
RATE OF YEARS 

ss 30 
ss 30 
ss IS 
ss 30 
ss 10 
ss 10 
ss 10 
ss 30 

. TOTAL PRESJiNT WOaTII OA:M 

TOrAL NET PltBSBNT WORTH 

PRESENT 
WORTH 

$3,074,000 
$999,000 

$3,373~000 

$4,996.0ll0 
$20,149,000 

$316,000 
$316,000 

$3,074,000 

$37,140,000 

$50,.900.000 



ALTERNATIVES 
IN-SITU VAPOR. EXTRACTION OF BURIED WASTE AND SOILS; AND 
GROUNDWATER PUMPING AND TREATMENT 

....... 

. ! 

...... ITEM UNIT QUANTITY 

I ...... 
DIRBCI' CAPITAL COSTS 

; .._ 
Surface Water Diveraioa lump 111m 1 

! Site Preparation lump awn 1 ' -.._) . 
I... · · Grouadwater Extraction System , wells 24 

Grouudwater Tnatmeat System JPDl 200 
! Remove ACS Tank Farms 
i 

lump sum 1 
...... Bxcavatioa of Drums drums soo 

RepacbPI ud Off-site drums soo 
Incineatioa of Drums· 

...... Off-site Dispoul of Drum lump sum 1 
IDd MilcellaDeous DebriJ 

I Off-site Dispou1 of PC]i Soil I 
I 
L.... at RCRAITSCA LadfiJJ cuyda loOO 

Treatability/Pilot Study lump sum 1 
Vapor Extraction Pilot Study lump 11110 1 

~ Vapor E.Xtractiall I)'IC8ml 4 

;'-...-- TOTAL DIRECT CAPITAL COSTS -
INDIRECI' CAPITAL COSTS 

.._ 

" OF CAPITAL 
Mobilization 20" 

..... Health & Safety 20" 
Desip Level Jnvestiptioa 10" 
EngineeriD&• Design 10" 
Startup Costa 10" 
License/Permit-Pees/Oversight 20" ' Scope Contiagency 2S" 

...... 
TOTAL JNDJRECT CAPITAL COSTS 

COST 

$200,000 
$S2S,OOO 
$500,000 

$1,200,000 
$150,000 
$50,000 

$350,000 

$1,000,000 

$700,000 
$200,000 
$200,000 
$800,000 

$5,880,000 

$1,176,000 
$1,176,000 

$581,000 
$588,000 
$588,000 

$1,176,000 
$1,470,000 

$6,760,000 
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ALTERNATIVES 
IN-SITU VAPOR EXTRACfiON OF BUIUEJ) WASTE AND SOILS; AND 
GROUNDWATER PUMPING AND TREATMENT 

' 
~ OPEltATION & MAINTENANCE COSTS 

' ANNUAL DISCOUNT NUMBER : --.I 
I.. O&M RATE OF YEARS 

. Groupctwater Monitoring $200,000 s~ 30 : 
L Grouaawater Extraclioa Wells $65,000 s~ 30 

lDitial Otouadwater. Treatment $2.50,000 s~ 10 
i :lmermediate GroaDdWater $250,000 s~ 20 
i TreabQDDt ~ 

Final GI'OilDdwater Treatment $250,000 s~ 30 
; 

Vapor Extractioa $400,000 s~ 15 i 
I 

lDsuraDce "$10,000 s~ 16 I,... 

Reserve Fuad $10,000 5~ 16 
Administration $200,000 s~ 30 

...... 
TOTAL PltBSBMT WORTH CAM 

'I . ; ·'-../ 
~ 

TOrAL NBT PR.BSBNT WOltTH 

PRESENT 
WORTH 

$3,074,000 
. $999,000 
$1,930,000 
$3,116,000 

$3,843,000 
$4,152,000 

$108,000 
$108,000 

$3,074,000 

$20,.00,000 

$33.000.000 
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ALTE~ATIVE 6A 
EXCAVATION AND ON-SITE INCINERATION OF BURIED WASTE; 

· IN-SITU VAPOR. EXTRACTION OF SOILS; AND 
GROUNDWATER. PUMPING AND TREATMENT 

UNIT 
ITEM UNIT QUANTITY COST 

DIREcr CAPITAL COSTS 
I -
i ,..._~surface Water Diversion 
L... Site Preparation 

I ..... 

I 
I 

"""' 
i 
L 

....... 

: '-.! -

Groundwater ~tion System 
Groundwater Treatment System 
Remove ACS Tank Farms 
Excavation of Drums 
Repacb,ging aad Off-site 

Incineration of Drums 
Off.;.sito Dilpoal of Drum 

and MiicellaDeoua Debm 
Trial Bum 
On-site Incineration 
Vapor Exttaction Pilot Study 
Vapor Extraction 

JNDIREcr CAPITAL COSTS 

Mobilization 
Health & Safety. 
Design Level Investigation 
Engineering Design 
Startup Costs 
License/Permit Fees/Oversight 
Scope Contingency 

lump sum 1 
lump sum 1 
wells 24 
gpm 200 
lump sum 1 
drums 500 
drums 500 

Jump sum 1 

lump sum 1 
cuyds 35,000 
lump sum 1 
systems 4 

TOTAL DIRECT CAPrr AL COSTS 

TOTAL INC.INEJtATJON COSTS 

~OF CAPITAL 
20~ 

20~ 

10% 
10~ 

10% 
20% 
25~ 

· TOTAL INDIRECT CAPrr AL COSTS 

$450 

COST 

$200,000 
$525,000 
$500,000 

$1,200,000 
$150,000 
$50,000 

$350,000 

$1,000,000 

$200,000 
$15,750,000 

$200,000 
$800,000 

$5,180,000 
$15,150,000 

$1,036,000 
$1,036,000 

$518,000 
$518,000 
$518,000 

$1,036,000 
$1,295,000 

$5,960,000 



-

! -
-
! -...I -
' i 
j 

I-

I 

\ ..... 

L 

..... 

! ...._; 
"- ' 

ALTERNATIVE 6A 
EXCAVATION AND ON-SITE INCINERATION OF BURIED WASTE; 
IN-SITU VAPOR EXTRACTION OF SOILS; AND 
GROUNDWATER PUMPING AND TREATMENT 

OPERATION & MAJNTENANCE COSTS 

ANNUAL DISCOUNT 
O&.M RATE 

Groundwater Monitoring $200,000 S% 
Groun4water Extraction WeDs $65,000 5" 
Initial Qroundwater Treatment $250,000 S% 
Intermediate Groundwater $250,000 5% 

Treatment 
Final Groundwater Treatment $250,000 5% 
Vapor Extraction $400,000 S% 
Insurance $10,000 5" 
Reserve Fund $10,000 . 5% 
Administration $200,000 S% 

· TOT AI.. PRESENT WOR.TH.Oid.t 

NUMBER 
OF YEARS 

30 
30 
6 

11 

30 
s 
6 
6 

30 

TOTAL NET PRESENT WORTII 

PRESENT 
WORm 

$3,074,000 
$999,000 

$1,269~000 
n,on,ooo 

. $3,843,000 

$1,732,000 
$51,000 
$51,000 

$3,074,000 

$16,170,000 

$43.100.000' . 
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ALT£RNATIVE 6A 
EXCAVAnoN AND. ON-SITE INCINERATION OF BUill£D WASTE; 
IN-SITU VAPOR. EX'TR.ACTION OF son.s; AND 
GkOUNDWATEil PUMPING AND TREATMENT 

OPERATION .t MAINTENANCE COSTS 

L--J ANNUAL 
O&M 

DISCOUNT ~ER. 

RATE OF YBARS 

L GJOUDdwater MCIIIitorm, $200,000 s" 30 .. 
OrouDchijaler ExtnctioD Weill $65;000 s" 30 

I 
~,; 

$250,000 s" 6 IDitial (ijoaDclwater Treaa.at 
L 1Dtermodi1te Grouadwater · $250,000 s" 11 

Treatmeat 

L Fiaal Groaadwater Treatmeot $250,000 5$ 30 
Vapor ExtractioD $400,000 5• 5 
Iuuraaco $10,000 5", ·6 

i 
Relerve FUDCI $10,000 s• 6 

L.. • AdmiDiltratioo $200,0Q0 5" 30 

I~ TOT AI. PltBSEN"'' WORTH 06M 
L..' 

TOTAL NBT PRBSBNT WORTH 

....... 

' 

PRESENT 
WOR.TH 

$3,074,000 
$999,000 

$1,269,000 
fl,,077 ,000 

$3,843,000 
$1,732,000 

$Sl,OOO 
$51,000 

$3,074,®0 

$16,170,000 
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ALTERNATIVE 6A 
EXCAVATION AND ON-SfrB INCINERATION OF BUIUED WASTE; 
IN-SITU VAPOR. EXTRACI10N OF SOILS; AND 
GROUNDWATER PUMPING AND TREATMENT 

lT.EM UNIT QUANTITY 

DIRECT CAPITAL COSTS 

~Water Diveniop lump sum 1 
Site Propuatioa · lump IUDl 1 
Grouodwater .Emlctioo Syltem 

; 
GrouDdwater Tre~tmeat Syatem I .r.... Remove ACS Tat Farms 

"!"~· 

ExcavaaieG of Druml 
•' 

RepacbJina IDd Oft'-aito 
l..... lucU..tioa of Druml 

Off-site DiJpolal of Drum 
\ 

IDd MiRellmeoua Debris I 
I - .Trial Bum 

On-site IDciaeraliaa 
Vapor Extractioa Pilot Study - VlpOl' EmactiaD 

L----

INDIRECT CAPrrAL COSTS 

Mobilizatioa 
Health & Safety 
Design Love1 Inveatiptioo 
li' .. ...:..-.... .. Deai __..,..._..... JD 
Startup Costa 
License/Permit Feea/Ovenight 
Scope ContiJlaency 

won. 24 

IPID '200 

lump sum 1 
drums -SOO 
drums soo 

lump IUiD 1 

lump IUDl 

cuycls 65,000 
lump I1IDl 1 
l)'lteml 4 

TO'fAL DIUCT CAPITAL COSTS 

TO'fAL INCINERATION COSTS 

*OF CAPITAL 
2011 
20~ 

10" 
10" 
1011 
2011 
2S~ 

TOr AL INDIRECT CAPITAL COSTS 

UNIT 
COST 

$450 

COST 

$200,000 
$525,000 
$500,000 

$1,200,000 
$150,000 

sso.~ 
$350,000 

$},000,000 

$200,000 
$29,250,000 

$200,000 
$100,000 

$5,180,000 
$29,250,000 

$1,036,000 
$1,036,000 

$511,000 
$511,000 
$518,000 

. $1,036,000 
$1,295,000 

$5,960,000 
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ALTERNATIVE 6B 

L 

EXCAVATION AND ON-SITE LOW TEMP THERMAL TREATMENT OF 
BURlED WASTE; IN-SITU VAPOR EXTRACTION OF son,.s; AND 
GROUNDWATER PUMPING AND TREATMENT 

L ITEM 

DIRECT CAPITAL COSTS 
I 
1.... 

Surface Water Diversion 
) 

L"""'Site Preparation 
Groundwater Extraction Syatem 
Groundwater Treatment System L Remove ACS Timk ·Farms 
Excavalion of Dl'UIDJ 
R.epacJalling md Off-site 

Incineration of Drums L 

L 

-
L"-.,...1 

...... 

...... 

Off-site Disposal of Drum 
and Miscellaneous Debris 

Treatability/Pilot Study 
On-site Low Temp 
Vapor Extraction Pilot Study 
Vapcir Extraction 

INDIRECT CAPITALCOSTS 

Mobilization 
Health & Safety 
Design Level Investigation 
EngineeriDa De,sign 
Startup Costs 
License/Permit Fees/Oversight 
Scope Contingency 

... 

UNIT QUANTITY 

lump sum 1 
lump sum 1 
wells 24 
gpm. 200 
lump sum 1 
drums 500 
drums 500 

lump sum 1 

lump sum 1 
cu yds 35,000 
lump sum 1 
systems 4 

TOTAL DIRECT CAPrr AL COSTS 

TOTAL LOW TBMP COSTS 

~OF CAPITAL 
20% 
20% 
10% 
10% 
10% 

20" 
25% 

TOTAL INDIRECT CAPITAL COSTS 

UNIT 
COST 

$300 

COST 

$200,000 
$525,000 
$500,000 

$1,200,000 
$150,000 
$50,000 

$350,000 

$1,000,000 

$200,000 
$10,500,000 

$200,000 
$800,000 

$5,180,000 
$10,500,000 

. $1,036,000 
$1,036,000 

$518,000 
$518,000 
$518,000 

$1,036,000 
$1,295.000 

$5.960,000 
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ALTERNATIVE 68 ~ 

EXCAVATION AND ON-SITE LOW TEMP THERMAL TREATMENT OF 
BURlED 'WASTE; IN-SITU VAPOR EXTRACTION OF SOILS; AND 
GROUNDWATER PUMPING AND TREATMENT 

OPERATION'& MAINTENANCE COSTS 

~ ANNUAL DISCOUNT 
O&M UTE 

Groundwater Monitoring $200,000 S% 
I -..)Groundwater Extraction WeDs 
._. Initial Groundwater Treatment 

$65,000 
$250,000 

S% 
5% 

I 

L 

i 

L 

' L 

i 
I 
l -

lntormediate Grouodwator 
Treatment 

FiDal Gloundwater Treatment 
Vapor lxtraction 
IDsuraDce 
Reserve· Fund 
Administration 

$250,000 S% 

$250,000 5% 
$400,000 S% 
$10,000 S% 
$10,000 S% 

$200,000 5% 

TOTAL PRESENT WORm O&M 

NUMBER 
OF YEARS 

30 
30 

6 
11 

30 
s 
6 
6 

30 

. TOTAL~ PRESBNT WORTII 

. ( 

PRESENT 
WORTH 

$3,074,000 
$999,000 

$1,269,000 
$2,077,000 

$3,843.000 
$1,73Z,OOO 

$51,000 
$51,000 

$3,074,000 

$16,170.000 

$37,800,000 



'-' ALTERNATIVE·6B 
BXCAVAnoN AND oN-mE LOW iEMP THERMAL TREATMENT oF 
BURIED W A.S'r£; IN-SITU VAPOR :EX'I"RACI'ION OF $0U.S; AND 

- . OROtJNDWATBR. PUMPING AND TREATMENT 

L 

1 ..... 

ITEM 

DIRECT CAPITAL OOSTS 

Surface Water Diveraioa 
( ~te Preparation . 
~ · GraaDdwater Extraction System 

1 
Grouadwatet T*Cmlot System 

l.; Remove ACS Taut FIJ'DII 
BEavatioa of Drumt 

; lepK'hai"'IJid'Off-site 
L IDciaeatiOD of Drums 

OfNite Dispoa1 of l;)rum• 

' aDd MiJceDaaeoul Debris 
L Treatability/Pilot Study 

OD-tite Low Temp 
, . Vapor Extraction Pilot Study 
i · Vapor Bxtraction ..... 

JNDJRBCT CAPITAL COSTS 

Mobilization 
Health & Safety 

Duip Levellnveatiptioa 
~: .. ...:..-.:- nea· _..._...._ IF. 
Startup Coal 
UceDMIPermit Pees/Oversight 
Scope CoatiDgeocy 

UNIT QUANTITY 

lump sum 1 
lump sum 1 
W.u. 24 
gpm 200 
1111Dp IWD 1 
dnuDI soo 
drama soo 

lump I1IDl 1 

lump IUIIl 
/ 1 

cuyda 65,000 
lump sum 1 
l)'ltema 4 

TOTAL DIRBC'i' C.AJIIT AL COSTS 
TOTAL LOW TBMP COSTS 

S OF CAPlT AL 
lOS 
20S 
lOS 
td". 
lOS 
20S 

2S" 
TOTAL INDlRECT CAPITAL COSTS 

UNIT 
COST 

$300 

COST 

$200,000 
$525,000 
$500,000 

$1,200,000 
$150,000 

$5();000 

$350,000 

$1,000,000 

$200,000 
$19,500,000 

$200,000 
$800,000 

$5,180,000 
$19,500,000' 

$1,036,000 
$1,036,000 

$518,000 
$518,000 
$518,000 

$1,036,000. 
$1,295,000 

$5,960,000 



-

·\ 
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ALTERNATIVE 6B 
EXCAVATION AND ON-SITE LOW TEMP THERMAL·TRE~TMENT OP 
BuitmD WAsTE; IN-Srru V APOil EX'TRACTION OF SOU; AND 
GltOUNDWATElt PUMPING AND TREATMENT 

O~DON & MAINTENANCE COSTS 

ANNUAL DISCQUNT 
O&M RATE 

$200,000 s~ GroUDdwater Moaitoriaa 

L: ~ BldrlletioD WeU. 
lDitial Grouadwator Treatmeut 

$65,000. s~ 

$250,000 s~ 

i 

L 
. Jat.eamedilte Grouadwater 

Treatmeat 

Fiall ~- Treatmeat 
v ~ apor . 
IJIAriiiiCe 
Reierve FUDd 
AclmiDilaraliQQ 

$250,000 s~ 

$250,000 s• 
$400,000 s" 
$10,000 s" 
$10,000 s" 

$200,000 s• 

TOTAL PRBSEIMT WOilTB o.u.t 

NUMBER 
OFYBARS 

30 
30 
6 

11 

30 
s 
6 

.6 
30 

I TOI"AL NET PRBSENT WORm 
I ...._... 
~ 

-

PRESENT 
WORTH 

$3,074,000 
$999,000 

$1,269,00o 
$2,077,000 

$3,843,000 
$1,732.080 

SSJ.OUO 
$51,000 

$3,074,000 

$16,170,000 

$46.800,000 



-
ALTERNATIVE 7A 
ON-Sl'tE JNCJNEltA TION OF BURIED WASTE AND SOILS; 
AND GROUNDWATER PUMPING AND TREATMENT 

UNIT 
UNIT QUANTITY COST 

l 
I 
~ 

DJR.BCT CAPITAL COSTS 

Surface Water Divenioa 

1 Site Prepara..U. 
I ~- Sxtractioa sy.tem , ..... 

Grouadwaaer TreatmeDt System 
t · Remove ACS Tat FUIDI 
i Bxcavatioll of Druml 
~ 

lteplc'hli"8 llld Off-site 
~ofDruma 

Off-site9ilpoal of Drum 
and Milcellaneou DebriJ 

Trial Bum 
On-ate IaciDentiOD 

L --bmnmcr CAPITAL COSTS 

-

Health & Safety 
Desip LevellnvestiptiClll 
EnJiaeerlq De.ip' 
Startup eo... 
UceaaeiPermie Feea/Ovenipt 
Scope Cootinpncy . 

lumpaum 1 
haapaum 1 
wells 24 

JPIIl 200 
lump IUIIl 1 
dtuma 500 
drums soo 

lump IUIIl 1 

lump IUIIl 1 
cuyds 135,000 

TOTAL DIRBCl' CAPIT AI. COS'l'S 
TOTAL INCJNIDlATioN COST8. 

" OF CAPITAL 
20" 
20" 
12" 
12" . 
12" 
20" 
30" 

TOT AI. IHDIRBCT CAPIT AI.. COSTS 

· COST 

$200,000 
$525,000 
$500,000 

$1,200,000 . 
$150,000 

Sso,OOO 
$350,000. 

$1,000,000: 

$4,180,000 
$60,750,000 . 

$836,000 
$836,000 
$502,000 
$502,000 
$502,000 
$836,000 

$1,254,000 

$5,270,000 
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""-' ALTERNATIVE 7A 
ON-SITE IN~ nON OF BUIUED WASTE AND SOR.S; 
AND GROUNDWATER PUMPING AND TREATMENT 

l... 

,' 
I 

' I 

'-' OPBRATION & MAINTENANCE COSTS 

I 
GIOUIIdwater Moaitoriq L 
Orouadwltter Extractioa Wells 

,! IDitia1 Gnftmdwater Treatment 
lntermecliate G!oaadWatet 

"- Treatment 
FiDal GrouDdwater Treatmeat 

..... IDturance 
ae.erve FUDd 
Administration 

' ._ 

I 

L"-...1 

: -

ANNUAL 
OltM , 

$200,000 
$65,000 

$250,000 
$250,000 

$250,000 
$50,000 
$50,000 

$200,000 

DISCOUNT NUMBER 
RATE OF YEAltS 

ss 30 
ss 30 

'" s 
Sli 10 

Sli 30 
Sli 5 
ss s 

"' 30 

'I'O'f AL PllBSBNT woRm a.M 

TO'I'AL NET PRBSBNT WORm 

PRESENT 
WORTH 

$3,074,000 
$999,000 

$1,082,000 
$1,930,000 

$3,843,000 
$216,000 
$216,000 

$3,074,000 

$84,600,000 



'-' . ALTERNA TlVE 7B 

·EXCAVATION AND ON-SITE LOW TEMP THERMAL TREATMENT OF BUIUED 
WASTE AND SOILS; AND GROUNDWATER PUMPING AND TREATMENt 

ITEM 

L 

j 
DIRECT CAPITAL COS"rS 

' I 
~.,.,. 

I 
.surface Water Diversion 

._-.....-!Site Prep&Qtion 
' Groundwater Extraction System 

1 Grouadwater Tratuia System 
L Remove ACS Taak Panps 

-
l ..... 

Excavation of Drums 
RepacJatsial and Off-site 

1Dcinetati011 of Drums 
Off-site Disposal of Drum 

and Miscellaneous Debris 
Treatability/Pilot Study 

On-aite Low Temp 

I . 
I "-"' -

-

INDIRECT CAPITAL COSTS 

Mobilization 
Health & Safety 
Design Level Investigation. 
Engineoring Design 
Startup Coats 
License/Permit Fees/Oversight 
Scope Ccmtingency 

UNIT QUANTITY 

lump sum 1 
lump sum 1 

wells 24 
gpm 200 
liamp sum 1 

drums 500 
drums 500 

lump sum 1 

lump sum 1 
cuyds 135,000 

TO't AL tlJRECT CAPITAL COSTS 

TOTAL LOW TEMP COSTS 

."OF CAPITAL 
20ti 

20" 
12" 

12" 
12ti 

20% 
30% 

TOTAL INDIRECT CAPIT JJL COSTS 

UNIT 
COST 

$300 

COST 

$200,000 

$525,000 
$500,000 

$1,200,000 
$150,000 
$50,000 

$350',.800 

$1,000,000 

$200,000 
$40;500,000 

$4,180,000 
$40,500,000 

, $836,000 

$836,000 

$502,000 
$502,000 
$502,000 

$83~,000 
$1,254,000 

$5,270,000 
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ALTERNATIVE 7B 
\ 

:EXCAVATION ANDON-SlTE LOW TEMP THERMAL TREATMENT OF BURIED 
WASTE AND "SOILS; AND GROUNDWATER PUMPING AND TREATMENT 

OPERATION & MAINTBNANCE COSTS 

Groundwater Monitoring 
Grouudwater Extraction Wells 
Initial Orounclwater Treatment 
Intermeliate Groundwater 

Treatment 
Final Grouudwater Treatment 
Iusurance 
Reserve Fund 
Administration 

ANNUAL 
O&M 

$200,000 
$65,000 

$250,000 
$250,000 

·$250,000 
$50,000 
$50,000 

$200,000 

DISCOUNT 
RATE 

s~ 

s~ 

s" 
s" 

s" 
s" 
s" 
s·~ 

TOTAL PREsENT WOR.TH OI&M 

NUMBER 
OF YEARS 

30 
30 
s 

10 

30 
s 
s 

30 

TOTAL NET PRESENT WO:Rm 

PRESENT 
WORTH 

$3,074,000 
$999;000 

$1,012,;900 
$1,930;100 

$3,843,000 
$216,000 
$216,000 

$3,074,000 

$14,430,000 

$64,400,000 

• 



l... ALTERNATIVE SA 
EXCAVATION AND LANDFARMING OF BURIED WASTE AND SoiLS; 
AND GROUNDWATER PUMPING AND TREATMENT 

; -
L 

DIRECT CAPITAL.COSTS 

L 
Surface Water Divenion , 

__./Site Preparation 
Groundwater Extraction System 

1 
Groundwater Treatment System 

L Remove ACS TIDk Farms 

I 

L 

L 

Excavatioa of Druma 
RepacbJing and Off-site 

Incineatioa of Drums 
Off-site DiJpou1 of Drum 

met Miscellaneous Debris 
Treatability/Pilot Study 
Land.farming 

L'-' 
INDIR.ECT CAPITAL COSTS 

MobiliZation 
Health & Safety 
De~ip Level Investigation 
EqineeriDg Design 
Startup Costa 
Licoase/Permit Fees/Ovenight 
Scope Contingency 

UNIT QUANTITY 

lump sum 1 
lump sum 1 
wells 24 
gpm 200 
lump sum 1 
drums 500 
drums 500 

lump sum 1 

lump sum 1 
cuyds 135,()()() 

TOT AI. DIRECT CAPIT AI. COSTS 

% OF CAPITAL 

10" 
10" 

"' 7S 
7S 

10" 
iS" 

TOTAL INDIRECT CAPITAL COSTS 

COST 

$200,000 
$535,000 
$500,000 

$1,200,000 
$150,000 
$5(),000 

$350.000 

$1,000,000 

$400,000 
$2,500,000 

$6,890,000 

$689,000 
$689,000 
$482,000 
$482,000 
$482,000 
$689,000 

$1,034,000 

$4,550,000 
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ALTERNATIVE 8A . 
EXCAVATION AND LANDFARMING ()p BURlED WASTE AND SOR.S; 
AND GR.OUNDWAT£R. PUMPING AND TREATMENT 

OPERATION & MAINTBNANCE COSTS 

ANNUAL DISCOUNT 
O&M RATE 

Grouadwater MQnitorin& $200,000 s" 
Groundwater Extraction Wells $65,000 s• 
lilitial Groundwater Treatment $250,000 s" 
Intermtidiate Groundwater $250,000 s" 
· Treatment 
Final G1'01.1Ddwater Treatment $2SO,OOO s" 
Soil Excavation $300,000 s" 
Landfarming $600,000 s". 
Insurance $20,000 s" 
Reserve Fund $20,000 s" 
Adminiatration $200,000 s" 

NUMBER 
OF YEARS 

30 
30 
10 
IS 

30 
10 
10 
10 
10 
30 

l .. 
.~ , TOTAL PRESENT WORTH O&:M 
'-

TOTAL NET PR.ESENr WORTH 

PRESENT ., 
WORTH 

$3,074,000 
$999,000 

$1,930;000 
S2,59S,OOO 

$3,843,000 
$2,317,000 
$4,633,000 

$154,000 
$154,000 

$3~074,000 

S22, no,f1¥J 

$34,200,000 

' 
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ALTEllNATIVE IB 
EXCAVATION AND SLURRY-PHASB BIOitPACTOR TUATMENT OF BURlED WASTE 
AND SOR..S; AND GROUNDWATER PUMPlNG AND TllEATMENT 

I 
4.... 

ITEM 

DIRECf CAPiTAL COSTS 

Surface Water Diversion L '-..)Site Pieparati~ 
Groundwater Extraction System 

Groundwater Treatment System 
L Remove ACS Taut FarmJ 

ExcavatiDn of Drums 
.Rop,c~ Ud Off-site 

Incineration of Drums L 
I 

I 
4.... 

L. 

Off-site· Disposal of Drum 
and ;MilceUaneoua Debris 

. Treatabilit;yiPilot Study 
Slurry-Phase Bioreactor 

INDIRECI" CAPITAL COSTS 

Mobilization 

Health &. Safety 
Des_ign Level InvestigatiOn 
Ellginoering Design 
Startup Costs 
Uecase/Permit Fees/Oversight 

Scope Continget1cy 

UNIT QUANTITY 

lump su~ 1 
lump sum 1 
wells 24 
apm 200 
lump sum 1 
drums 500 
drUms 500 

lump sum 1 

lump sum 1 
cuyds 135,000 

TOTAL DIRBCT CAPITAL COSTS 

S OF CAPITAL 

10~ 

10~ 

s" 
s~ 

s~ 

10~ 

15~ 

TOTAL INDIRECT CAPITAl. COSTS 

COST 

$200,000 
$535,000 
$500,000 

$1,200,000 
SlSO,OOO 
$50~000 

' 
$350J)OO 

$1,000;000 

$400,000 
$6,000,000 

$10,390,000 

$1,039,000 
$1,039,000 

$520,000 
$520,000 
$520,000 

$1,039,000 
$1,559,000 

$6,240,000 



'- ·ALTERNATIVE SB 
EXCAVATION AND SLUIUtY-PHASE BIOltEACTOR TREATMENT OF BURIED WASTE 
AND SOR.S; AND GROUNDWATEk PUMPING AND TREATMENT 

I 

I 
~ 

! 
I ..... 

' L OPERATION & MAINTENANCE COSTS 

L~ 

L 
L 

L 

Gto11Ddwater Monitoring 
Groundwater Extraction Wells 
IDitial Groundwater Treatment 
lnterJudiate Groundwater 

Treatment 
Final Groundwater Treatment 
Soil Excavation 
Slurry-Phase Bioreactor 
Insurance 
Reserve Fund 
Administration 

.., 

l~ 

I 

L 

L 

L 

ANNUAL DISCOUNT NUMBER 
O&M RATE OF YEARS 

$200,000 5" 30 
$65,000 5" 30 

$250,000 5• 5 
$250,000 s" 10 

$250,000· s" 30 
$600,000 5" s 

$2,200~000 s" s 
$50,000 s" s 
$50,000 s" s 

$200,000 s" 30 

TOTAL PRESENT WOR.TH o.uf 

TOTAL NET PRESENT WORTII 

PRESENT 
WORTH 

$3,074,000 
$999,000 

$1,082,000 
$1,9310,000 

$3,843,000 
$2,598,000 
$9,S2S,OOO 

$216,000 
$216,000 . 

$3,074;000 

$26,560,000 

$43,200,000 
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APPENDIXC 
AIR STRIPPING TOWER SJMUIAUQNS 

lntrodgctloD 
Air stripping involves transferring contaminants from a wastewater stream (i.e., 

ex>ntaminated groundwater) to the vapor phase. The strippabillty of a given compound 

(i.e., ability of a compOund to be transferred) is controlled prittwily by the aenry's Law 

constant and temperature. Henry's. Law constants for tarjet 'compounds at the Site are 
presented in Table 3-1. Temperature bas a dramatic effect on the Henry's Law constant 

and the mass t~ansfer coefficient. The lower the temperature, the slower tbe mass 

transfer at the· air/water interface. The .coldest expected temperature is assumed for 
design. If the Henry's Law constant is· between 0.02 and 1.0 (0.0005 and 0.02 atm

m3 /mole at 20 OC), the optimum strippability can be reached by adjusting tbe air to 

water ratio. If the Henry's Law constant is higher than 1.0, then stripping will be 
essentially ·complete even at low air to water ratios. If the Henry's. Law constant is less 

than about 0.02, the compound is not very volatile, and stripping beoomes poorer as the 

Henry's Law constant decreases. 

-
Air stripping tower design simulations were performed for the ACS Site. groundwater 

using the "AIRSTRIP" computer software program (ReleaSe 1.1, Copyright 1989) 

developed by Johannes Haaroff and Dave SChoeller. The "AIRS'IRIP" program uses the . ) . 
Onda correlations as its basis for estimating mass transfer rate constants in counter 

current packed aeration towers. The program allows the user to vary the contaminant to 
be stripped, the concentration of the contaminant, temperature, air/water ratio, packing 
type, packing depth, liquid loading· rate (i.e., flow rate and tower diameter), and pressure 
in the tower. By Varying tbese parameters, a stripping tower can be designed to remove 
specific con~minants to a desired level. , · 

Compounds tJtat cannot be removed effectively by air stripping can be removed. by a 
liquid phase carbon adsorption process following the air stripping column. Vapor phase 

carbon adsorption or thermal or catalytic incineration can be used to treat off-gases 

before release to the atmosphere. 



ADm•eb and Results for the ACJ Site 
The majority of ~e organic contaminants found in Site groundwater are amenable to air 
stripping based on Henry's Law constants (see Table 3-1). Compounds found in Site 
groundwater that are ~ot readily stripped include phenols, phthalates, organic acids, 

ethers, and ketones. Licplid phase carbon adsorpti~n polishing was included to remove 
compounds that are not readily stripped in orc;ler to meet the potential NPDES discharge 
criteria identified in Table 4-14. 

Table 4-7 (maximum ~ncentration values) presents assumed groundwater influent 
concentrations by chemical group for the groundwater treatment system. A flow rate of 
200 gallons per minute (gpm) was used for design purposes. It was assumed that the 
strippability (i.e., mass transfer rate coefficients) of individual contaminants would be 
independent of the presence of dilute concentrations o~ other contaminants in 
gropndwater. Target compounds were sele.cted to simplify the aif stripping sim~ations. 
The final design parameters Jor the air stripping tower were selected based on the worst 
cas~ simulation for each of the individual target compounds. Simulations for the 
remaining target compounds were then run at the selected design conditions. A safety 
factor is introduced into the design by using the sum of individual influent concentrations 
for the contaminants from a given chemical family to represent the influent 
concentration of the corresponding target compounds used in the design simulations. 
This safety factor accounts for the use of empirical correlations in the simulation. 

Air stripping simulations were performed for organic chemical groups identified in Table 

4-7, using the representative comp~unds identified in Section 3.1.2. Generally, only one 
of the identified representative compounds for each chemical group was used for the air 
stripping simulations. However, both. vinyl chloride and tetrachloroethene were used to 
represent chlorinated elbenes in the tower simulations, because vinyl chloride has a 
significantly higher. Henry's Law constant and a lower potential discharge criteria than 
other chlorinated ethenes. Air stripping simulations were not run for organic acids and 
ethers because of their low Henry's Law constants. 
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liquid phase activatedcarbon polishing was assu~tor the air stripper effluent 
because the discharge criteria for phenols was not achieved by the air stripper 
simulation. Carbon adsorption isotherm data was used to predict activated carbon u$age 
rates for tach of the compounds that had non-zero concentrations predicted by the tower 
simulations. Activated carbon usage ·is not selective for ~c compounds. Activated 
carbon usage rates were calculated for the specific contaminants based on equations 
shown in "Carbon Adsorption Isotherins for Toxic Organics~ (U.S. 'BP A, April1980). 
The carbon usage rates were adjusted for natural organic matter found in groundwater 
by an empirical relation determined by activated carbon vendors. The isotherm 
parameters were taken from \].S. EPA (April1980), the U.S. EPA WERL treatability 
database, and vendor information. For cost estimating purposes, the total actiyated 
carbon usage rate was assumed to be the sum of the individual usage rates. The 
activated carbon usage rate was estimated to be approximately 62,400 pounds per year. 

Based on the influent concentrations presented in Table 4-7, and the removal rates 
predicted by. the simulation, approximately 2S pounds per hour of total VOCs would be 
transferred to the vapor phase. Treatment of the air stripper off-gases would be required 
based on IDBM VOC emission limits of 25 ·tons per year as discussed in Section 4.3.3. 
Thermal trea~ent of the air stripPer off-gases was, therefore, assumed. Heat from the 
thermal t.reatment process would be recovered and used to heat the influent 
groundwater to approximaiely 80 op before en~ring the air stripp~ tower. 

,, .. .. 
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Potential NPDES discharge criteria presented in table 4-14 were used for design 
purposes in the air stripping simulations .. A discharge Criteria of 50 ug/L was assumed 
for methyl ethyl ketone based on a review of relevant case studies. 

Preliminary air stripping simulations were run varying the tower di~eter, height and 
air /water raQos to determine the optimum design parameters for each of the target 
contaminants. The optimum tower diameter and height were selected based on 
achieving the specified effiuent objectives, while !Qinitnizing the air /water ratio and 
maintaining an optimum pressure drop (Le., energy req~ements). An optilnum 
pressure drop across the air stripping tower of O.Q6 to 0.07 inches ~ches of water per foot 
of tower height was selected for tower diameter sizing. The following design 
assumptions were used in the preliminary air stripping simulations: 

the type of p_-cking used was 1.5 inch p-flexrings 
groundwater temperature of SO OJO: (minim11m expected) 
an operating pressure of one atmosphere 

Based on the preliminary air stripping sinmlations, it was determined that- methyl ethyl 
ketone and 4-methylphenol would limit tower desfgn. Keto~ are not easily adsorbed 
by activated carbo~ and would have a very high carbon usage rate. 4-methylphenol was 
found to be ~entially unstrippable,J~ut·phenols are adsorbed well by activated carbon. 
Therefore, methyl ethyl ketone was chosen as the controlling contaminant for tower 
design. 

Methyl ethyl ketone has a relatively low Henry's Law constant, and is difficult to strip. 
To achieve the desired removal of methyl ethyl ketone at 50 OF, an air /water ratio in 
excess of 400:1 would be required. By increasing the influent water tetnperature to 
approximately 80 OF~ the desired removal efficiency can be achieved with an air /water 
ratio of 215:1. The selected air stripping tower design parameters, based on the removal 

. o{ methyl ethyl ketone, for treatment of groundwater at the ACS Site are as follows: 



200 gpm flow rate 
215:1 air/water ratio 
80 OF influent groundwater temperature 
a tower diameter of 7 feet 
total packing depth of 40 feet 
a pressure drop of 0.069 inches of Water per foot of packing 

Final simulations were I'Qll for ihe remaining contaminants using the design parameters 
specified above. Program output for the final simulations .can be found at the end of this 
appendix.· The results of the final simulations with the sel~ design parameters show 
that the assumed emuent objectives can be met for most of the chosen compounds at the 
concentrations used. 

~ following presents the assumed influent and effiuent objective concentrations used 
in the air stripping simulations, as well as the resulting effluent level ~om the air 
stripping simulation: 

' 

Target RepreacDted 
Compound C'Kmical Famj)y 

Methyl ethyl ketone . KetOileS 
BeDzcac BEXT 
Olloroform Olloriaated Methanes 
Olloroetbane Ollorin8ted Ethanes 
Tetrachloroethene Chlorinated ·Ethcnes 
Vmyl Olloride Vmyl Chloride 
4-Methylphenol Pheools 
1,2-Dic:hlorobenzene Ollorinatcd BenzeDes 
Napthalene PNAs 
Di-n-butylphthalate Phthalates 
PCBs PCBs 
bis (2~oroethyl) ether Ethers 
Benzoic acid Orpnic: acids 

Notes: 1. All c:oocentrationl in miCiopams per liter (ur/L). 
2. N.A. • discharp criterill not avai .. ble. 

Groundwater Air Stripper Effluent 
lnfluept Qms; flllumtCms; Objective 

200,(XX) 30 so 
50,000 0 5.0 

200 0 5.0 
3,200 0 5.0 

125 0 5.0 
75 0 2.0 

3,600 3,600 2,000 
300 0 75 
100 0 N.A. 
~ 4.0 3.0 
2.0 0 0.5 

1,900 1,900 230,000 
2,000 2,(0) N.A. 

, 
I 

, ~ 

J 

I 
~ 

J 
J 
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******* A--N A L Y S I S 

PROJICT. : Ketones · 

Design teaperature 
Density of water 
Density of air 
Viscosity of water 
Viscosity of air 
Surface tension of water 
Atmospheric :Pressure 

OF 

,,,, .... 

... ;t .' ' . . ... ·..., :• •• o;~ .• .,. 

STRIPPING\_ .• TQWER ******* 

Da\'1'1 : 4/8/1991 

PAGE : 1/2 

PHYSICAL CX>NSTANTS 

: 80 ~ 0 degrees F. 
62.2 lb/ftA3 

: \0.0735 lb/ftA3 
5.801-04 lb/ft.s 

: 1.211-0~ lb/ft.s 
72 dyne/ca 

1.00 atm 

OONTAMINANT PROPIRI'IES 

N~ : Methyl Ethyl )\etone 
72.0 1/Daol t -Molecular weight • 

Boiling point : 
Molal volmae at boiling point : 
a~·s Constant : 
Enthalpy upon CU.ssolution in water : 
Molecular diffusivity in air : 
Molecular diffustVity in water : 

176 dei!'Ms\ F. . 
0. 0896 L/lllol \ 

0.00790 
3800 cal/mol 

1.091-04 ftA2/s · 
1.191-06 ftA2/s 

PACKING PROPERTIES 

Name 
Packing Material 
Nominal Size 
Specific Area 
Critical surface tension 
Packing dePth 
Air friction factor 

-
AIRSTRIP Ver. 1.1 (C) 1988 

: 
: 

-· . .. 

Flexirings 
Plae:tic 

1.50 inch 
39.9 ftA2/ftA3 

33 dyne/car 
40.0 ft 

31 

3209 Garn~r Ames, Iowa 50010 

***** WARZYM INGINIERING INC. ***** 



******* A N A L Y S I S 

PROJECT Ketones 

ENGINEER • CWB 

OF S T R I P P I N G TOWER ~ 

DATE • 4/8/1991 . 

PAGE : 2/2 

LOADING RATES 

Water mass loading rate 
Air mass loading rate 
Water volumetric loading rate 
Air volumetric loading rate 
Air preeaure gradient • 
Volumetric air/Water ratio 
Stripping factor 

: 
: 

0.7 lb/ftA2.s 
0.183 lb/ftA2.s 
5.20 IPD/ftA2 
1118 aa/ftA2 

0.069 .. H20/ft 
215.0 

2.4 

MASS TRANSFER PARAHETERS 

Percentage of packing area wetted : 37.4% 
Wetted packing area 
Transfer rate constant in water 
Transfer rate constant in air 
Overall transfer rate constant 
Overall mass transfer coefficient 
NTU 
ff1'U 

14.9 ftA2/ftA3 
: 0.000442 ft/s 
• 0.068986 ft/s 
: 0.000277 ft/s 

: 

0.0041 1/s 
10.1081 
3.9572 ft 

OONTAHINANT RDI>VAL 

Influent concentration 
Effluent concentration 
Fraction removed 
Mass of contallinant removed 
Concentration in airstream 

: 
: 

200.0 mg,IL 
30.2 ug/L 

100.0 X 
12.47812 lb/ftA2.day 
2.44614 mg!ftA2.ftA3 

* Expressed per unit of stripping tower cross-sectional area 
# Expressed per unit of tower length 

* 
* 
* 
* # 

* 

* 

AIRSTRIP Ver. 1. 1 (C) 1988 3209 Garner Ames, Iowa 50010 
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*******ANALYSIS OF S T R I P P I N G T 0 W K R ******* 

DATE 4/8/1991 PROJECT : Polychlorobiphenyls (PCBs) 

KNGINUR ~ ~ PAGE : 1/2 

' -

-

Design temperature 
Density of water 
Denei ty of air 
Viecosity of water 
Viecosity of air 
Surface tension of water 
At.oei>heric pressure 

PHYSICAL. CXJNSTAJft'S 

: 80.0 degrees F. 
• 62.2 lb/ftA3 

o.o735 lb/ft·a 
· 5.801-o4 lb/ft.s 
: 1.211-o5 lb/ft.s 

72 cJ,ne/Cil 
1.00 atm 

OONTAMINANT PROPERTIES 

N~ : PCBs (Aroclor 1242) 
286.0 g,lmol . Molecular weight : 

Boiling point : 
, Molal volume at boiling point : 

662 degrees F. 
0. 2482 L/mol 

0.02300 - Henry .. s Constant : 
. -: · lnthalpy ~ dissolution in water : 

! ·\~ Molecular diffUsivi ty in air : 
\,..,. · Molecular diffusivi ty in water : 

3800 cal/mol 
5.671-os ft""2/s 
6.451-()9 ft"'2/s 

PACKING PROPIRTIIS 

N811e 
Packing Material 
N~iDal Size 
Specific Area 
Critical surface tension 
Packing depth 
Air friction factor 

AIRSTRIP Ver .• 1.1 (C) 1988 

. . 
: 
: 
: . . 
: 
: 

Flexirings 
Plastic 
1.50 inch 
39.9 ft"'2/ft"'3 

33 dyne/em 
.. 40.0 ft 
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*******ANALYSIS OF STRIPPING 

PROJECT Polychlorobipheny ls ( PCBs) 

KNGINDR CWB 

Water mass loading rate 
Air mass loading rate 
Water volumetric loading rate 
Air volumetric loading rate 
Air pressure gradient 
Volumetric air/Water ratio 
Stripping factor 

WADING RATES 

. ·o.7 lb/ftA2.s . 
, . 0.183 lb/ftA2.s 

: 5.20 gpn/ftA2 
: 1118 gpm/ftA2 

0.069 .. H20/ft . 215.0 . 
: 6.9 

MASS TRANSRR PARAHETERS 

Percentage of packing area wetted • 37. 4 % 

T 0 W E R ***+*** 

DATE 4./8/1991 

PAGE : 2/2 

' • 

Wetted packinl area : 14.9 ftA2/ftA3 
Transfer rate constant in water : 0. 000326 ft/s 
Transfer rate constant in air : 0.043253 ft/s 
Overall transfer rate ccmatant : 0.000264 ft/s 
Overall mass transfer coeff;icient : 0. 0039 1/s 
NTU : 13. 6075 
fmJ 2. 9396 ft 

Influent concentration 
Effluent concentration 
Fraction removed 
Mass of contaminant relllOVed 
Concentration in airst~ 

OONT.AMINANT REtfWAL 

. . 
: 
: 
: . . . 

2.0 ug/L 
0.0 ua/L 

100.0 % 
0.00012 lb/ft•A2.day 

0.00002 mg/ftA2.ftA3 

* Expressed per unit of stripping tower cross-sectional area 
# EXpressed per unit of tower length 

* 
* 
* * 
# 

* 

* 

AIRSTRIP Ver. 1.1 (C) 1988 3209 Garner Ames, Iowa 50010 
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*******ANALYSIS 

PROJBCT : Phthalates 

IRGIRDR: am 
-

OF S T R I P P I N G T 0 W E R ***•••• 

PHYSICAL OONSTANTS 

DA.TI : 4/8/1991 

PAGE : 1/2 

i '""" ·Design ~rature 
i..J Density of water 

Density of air 
Viscosity of water 

ao. o dearees F. 
: 82.2 lb/ftA3 

-
-
-

Viscosity of air 
Surface tenaion of water 
Atmospheric prusure 

: 0.0736 lb/ftA3 
: 5.s01-Q4 lb/ft.s 
: 1;211-()5 lb/ft.s 
. r2 dyne/em 
: 1.00 atm 

• OONTAtfltwft' PROPERTIES 

au. ·: Di-n-butylpbthalate 
~1.0 a/mOl Molecular weiaht : 

. Boilina point : 
HQlal volmMt at boiling point : 

_ Henry"'s Constant : 

446 clearees P'. 
0.3736 Wmol 

0.00300 
! "--../ lllthalpy upon dissolution in water : 
~o..o Molecular diffusivity in air : 

Molecular diffusivity in water : 

3800· ca.l/llol 
4,.861-<>5 ft .. 2/s 
5.051-()9 ftA2/s 

PACKING PROPIRTIIS 

Naae 
Packina Hatel'ial 
bi.Dal Size 

·' Specific Area 
Critical surface tension 
Packing d8pth 
Air friction factor 

AIRSTRIP Ver. 1.1 (C) 1988 

: 
: . . , 
: . . 
: . . 

Flexirinp 
Plastic 
1.50 inch 
39.9 ftA2/ftA3 

33 dyne/CID 
40.0 ft 

31 
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*******ANALYSIS OF S T R I P P I N G T 0 W E R ******* 

PROJKCI' • Phthalates DATE 418/199'1 

BHGINDR (]tiB PAGE : 2/2 

WADING RATES 

Water mus loading rate 
Air mass loading rate 
Water volumetric load~ rate 
Air volumetric loading rate 
Air pressure gradient 
Volumetric air/Water ratio 
Stripping factor 

. . 
: . . . . 
: 

0.7 lb/ftA2.s 
0.183 lb/ft"2.s 
5.20 gpntft"2 
11,18 aa/ft "'2 

0.069 .. H20/ft 
215.0 

0.9 

MASS TRANSFER PARAMETIRS 

Percentage of packing area wetted . 37.4 % . 
Netted packing area . 14.9 ft"2/ft"3 . 

· Tr&DSfer rate constant in water . 0.000288 ft/s . 
Transfer rate constant in air 0.039023 ft/s 
OY'erall transfer rate constant . 0.000104 ft/s . 
Overall mass transfer coefficient . 0.0016 1/s . 
N'l'U : 1.6790 
HTU . 23.8233 ft . . 

OOHTAHINANT Rlti>VAL 

Influent concentration 
lffluent concentration 
fraction removed 
Mus of contaminant removed 
Concentration in airstream 

: 

: 
: . . 

20.0 ug/L 
4.0 ug/L 

80.2% 
0.00100 lb/ftA2.day 

. 0.00020 mgfftA2.ftA3 

* Expressed per unit of stripping tower cross-sectional area 
# Expressed per unit of tower length 

* 
* * 
* 
# 

* 

* 

AIRSTRIP Ver. 1. 1 {C) 1988 3209 Garner Ames, Iowa 50010 
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******* AIALYSIS OF S T R I P P I N G T 0 W B R ******* 

FRO.Ja : CJllorinated Benzenes DATI : 4/8/1991 

PAGB : 1/2 kAlilll : CWB 

Desip temperature 
Denai iy of water 
Density of air 
Viscosity of water 
Viecosity of air 
Surface teneion of water 
Atlloapheric presaure 

PHYSICAL OONSTANTS 

• 80.0 degrees F. 
. 82.2 lb/ft~3 
: . 0.0735. lb/ft .. 3 
· 5.80B-o4 lb/ft.s 
: 1. 211-o5 lb/ft ;s 

12 cb'ne/Cil 
: 1.00 atlll 

roRTAKINANT PROPIRTIKS 

Name : a-Dichlorobenzene 
147.0 &/llol Molecular wei&:ht : 

Boiliq point : 
Molal volume at boilinl point : 
~·s Conatant : 

358 de~NN F. 
0.1378 W.Ol 

0.08()00 
.. "' · Enthalpy upon dissolution in water : 3800 cal/mol 

8.111-05 ft"'2/• 
9.181-()9 ft"'2/s 

i '"'\./ Molecular diffuaivity in air : 
\,.,. Molecular diffusivity in water : 

PACICING·PROPIRTIIS 

-

Name 
PackU., Material 
NcaiDal Size 
Specific Area 
Critical surface teneion 
Packinl depth 
Air friction factor 

AIRSTRIP Ver. 1.1 {C) 1988 

: . . . . . . 
: 
: 

Plexiringa 
Plaatic 

1.50 inch 
39.9 ft-2/ft .. 3 

33 d)rne/cm 
40.0 ft 

31 
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~*** A N A L Y S I S OF . S T R I P P I N G 

PROJECT : Chlorinated Benzene8 

DGINIIR : QfB 

Water mass loading rate 
Air maae loading rate . 
Water volumetric loading rate 
Air volumetric loading rate 
Air preesure gradient 
Volumetric air/lfater rBttio 
Stripping factor 

IDADING RATES 

: 0.7 lb/ft"'2.s . 0.183 lb/ft"2.s . . 5.20 gpm/ft"'2 . . 1118 ma/ft"'2 . . 0.069 .. H20/ft . . 215.0 . . 24.0 . 

MASS TRANSnR PARAMETERS 
I 

Percentage of packing area wetted : 37.4 I 

T 0 WE R ~*"'**'** 

DATE ~ 4./8/1991 

PAGE : 2/2 

Wetted packing area : 14.9 ft"'2/ft"'3 
TraDSfer rate c~tant in water : 0.000388 ft/s 
!raDSfer rate constant in air : 0.054881 ft/e 
Overall transfer rate conetant : 0.000365 ft/s 
Overall mass transfer coefficient : 0.0055 1/s 
NTU : 18.8434 
HTU 2.1228 ft 

Influent concentration 
lffluent concentration 
Fraction removed 
Haas of contaminant reiiOVed 
Concentration in airstream 

OOMTAMINAHT RmCVAL 

: 

: 

300.0 ug/L 
0.0 ug,IL 

100.0 I 
0.01872 lb/ft"'2.day 

0.00367 mg!ft"'2.ft"'3 

* E~essed per unit of stripping tower cross-sectional area 
# E~ssed per unit of tower lengt,h 

* 
* 
* * 
# 

* 

* 

AIRSTRIP Ver. 1.1 . (C) 1988 3209 Garner .Ames, Iowa 50010 
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~ANALYSIS OF , S T R I P P I N G '' T 0 W E R ******lt 

PROJICT : Polynuclear Aromatics

INGIHIIR : am 

PHYSICAL OONSTANTS 

Il&TB : 4/8/1991 

PAGE : 112 

Deai8n teaperature : 
' 

80.0 degrees F. 
Density of water .. 62.2 lb/ft"'3 
Denai ty of air : 0.0735 lb/ft"'3 
Viacoaity of water : 5.801-<>4 lb/ft.s 
Viacoaity of air : 1.211~5 lb/ft.s 
SurfaCe tension of water : 12 d7ne/cm 
Atiloepberic pressure : 1.00 atm 

OONTAMIRANT PROPIRTIIS 

N~ : 
Molecular weilbt : 

Naptbalene 
128.2 1/1101 

L.. Boiliaa point 
Molal volw.e at boiling point : 

424· dearees F. 
0.1476 V.Ol 

0.04900 Henry ... a Constant : 
i y Enthalpy upon dissolution in water : 
~ Molecular diffuaivi ty in air : 

3800 ca.l./mol 
7.841-()5 ft"'2/s 
8.811"-09 ft"'2/s 

-

-
-
-

• 

Molecular diffusivity in water : 

PACICING PROPIRTIIS 

Nae 
Packing Material 
Nominal Size 
Specific Area 
Critical surface tension 
Packing depth 
Air friction factor 

AIRSTRIP .Ver. 1 .• 1 (C) 1988 

: Flexirinas 
: Plaatic 
: 1~50 inch 
: 39.9 ft"'2/ft"'3 
: 33 d,ne/cm 
: 40.0 ft I 

31 
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*******ANALYSIS OF S T R I P P I N G 

FROJICT : Polynuclear Aromatics 

INGINIIR am 

WADING RATES 

Water aaas loading rate 
Air aaes loading rate 
Water volumetric loading rate 
Air volumetric loadina rate 
Air pressure gradient 
Volumetric air/water ratio 
Strippin& factor 

. . 
: 
: 
: 

0.7 lb/ft-2.8 
0.183 lb/ft"'2.s 
5.20 gpa/ft ... 2 
1118 gpa!ft "'2 

0.069 .. H20/ft 
215.0 
14.7 

MASS TRANSFER PARAHKTKRS 

Percentaae of packing area wetted : 37. 4 % 

T 0 W K R *****4C* 

DATI 418/1991 

PAGE : 2.12 

Netted packing area : 14.9 ft"'2/ft-3 
Traafer rate constant in water : 0. 000380 ft/s 
Traufer rate constant in air : 0. 053685 ft/s 
Overall tr8D8fer rate constant : 0. 000345 ft/s 
Overall aaes transfer coefficient : 0~0051 1/s 
NTU • 17.3258 
HTU : 2.3087 ft 

Influent concentration 
lffluent concentration 
fraction removed 
Haas of contaminant reaoved 
Concentration in airstream 

OONTAMINANT RIH>VAL 

100.0 ug/L 
0.0 ug/L 

100.0 X 
: 0.00624 lb/ft"'2.day 

0.00122 mgtft"'2.ft"'3 

* Expressed per unit of stripping tower cross-sectional area 
# Expressed per unit of tower length 

* 
* * 
* 
# 

* 

* 

AIRSTRIP Ver. 1.1 (C) 1988 3209 Garner Allies, Iowa 50010 

WARZYN ENGINEERING INC. ***** 
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*******ANALYSIS 

PROJECI' : Vinyl Chloride 

BNGIRDR : 00 

< ' 

' OF S T R,I P PI N G T 0 WE R ~•• 

PHYSICAL alfSTANTS 

DA.TI : 418/1991 

PAGI : 1/2 

J DeaiBD teaperature : 80.0 dell'"& F. 
~ Density of water 

Denaity of air 
Viecoeity of water 

' -
-

Viecoaity of air 
Surface tension of water 
Ataoepheric preai!Rire 

. . 
: 
: 
: 
: 
: 

62.2 lb/ft"'S 
0.0735 lb/ft"'3 

5.801-<>4 lb/ft.a 
1.211.;.o5 lb/ft.s 

72 dyne/em 
1.00 ata 

OORTAMIHAMT P&OPIR'l'IIS - Rae : , Vl.Dylchloride 
Molecular weight : 62.5 llmol 

l Boilina point . 9 degrees F . . - Holal volu.e at boilina point I 0.0653 L;.ol . . 
Henry .. 8 Ccmstant . 3.4.0000 . 

i ' Enthalpy upon dissolution in water : 3800 cal./aol 
...._..,_/ ,Molecular diffueivity in air : 1. 331-<>4 ft "2/8 

Molecular ~iffusivity in water : i.«J;..oB ft"'2/s 

-
PACllNG PROPIR'l'IIS 

Name .. Flexirinls 
Paokina Material . Plutic . 
N<J.iDal Size : 1.50 inch 
Specific Area : 39.9 ft"'2/ft"3 
Critical surface tension : 33 dyne/em 
Packing depth . 40.0 ft . 
Air friction factor : 31 -

-
AIRSTRIP Ver. 1.1 (C) 1988 3209 Garner Ames, Iowa 50010 
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*******ANALYSIS 

PROJKcr : Vinyl Chloride 

INGINDR : Otm 

Water mass loading rate 
A~r aue loading rate 

OF 

Water volumetric loadina rate 
Air volumetric loading rate 
Air pressure gradient 
Volumetric air/Water ratio 
Stripping factor 

STRIPPING 

WADING RATBS 

0.7 lb/ft"'2.s 
0.183 lb/ft"'2.s 
5.20 ma/ft"'2 
1118 ma/ft"'2 

0.069 .. H20/ft 
: ' 215.0 

. .. 

: 

: 1020.8 

Percent.Ne of pe.cki.nB area wetted . 37.4 % 

T 0 WE R ·******* 

DATI : 4/8/1~1 

PAGE : 2/2 

Wetted packing area 14.9 ft"'2/ft"'3· 
Transfer rate constant in water : 0.000486 ft/s 
Trensfer rate constant in air : 0.076417 ft/s 
Overall transfer rate conatant : 0.000485 ft/s 
Overall mass transfer coefficient · 0.0072 1/s 
NTU • 25.1499 
HTU : 1.5905 ft 

Influent concentration 
lffluent concentration 
fraction reiiOVed 
Mus of contaminant removed 
Concentrat~on in airstream 

OONTAMINANT Rmi>VAL 

: 

: 
: 
: 

. 75.0 U&IL 
0.0 U&IL 

100.0 % 
0.00468 lb/ft"'2.day 

0.00092 mg/ft"'2.ft"'3 

* Expressed per unit of stripping tower cross-sectional area 
# Ex.pressed per unit of tower length 

* 
* 
* 
* # 

*· 

* 

AIRSTRIP Ver. 1.1 {C) 1988 3209 Garner Ames, Iowa 50010 
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*******ANALYSIS OF S T R I P P I N G T 0 W E R ***~ 

PROJIC.l' : Phenols MTB : 418/1991 

IHGINIIR : am PAGE : 1.12 

PHYSICAL CXlHSTANTS 

...:._./,Design temperature 
~ Density of water 

Deuity of air 
Viscosity of water 
Viacoai ty of air 

-
Surface tension of water 
Ataoapberic pressure 

. . ao. o dei!'Ma r . 
62.2 lb/ft"3 

: 0.0735 lb/ft""3 
: 5.801-o4 lb/ft.s 
: 1.211-o5 lb/ft.a 
• 12 dyne/em 
: 1.00 atm · 

OORTAMIRART ~IIS 

..... 

~ 

-
·--

-

Name . 4-creeol ( 4-Met}nrlphenol) . 
tfoleculax- we~t . 108.0 l,lmol . 
Boilina point : 396 degeea F. 
Molal volw.e at boilinl point o .. 1Q4fr Wmol . . 
Henry .. a Ccmatant : 0.00005 
Enthalpy upon diaaolutibn in water : 3SOO. cal/mol 
Molecular diffusivity tn air . 9.241-o5 ft .. 2/s . 
Molecular diffusivity in water : Lot;ll-oB ft""2/s 

PACitllfG PROPIRTIIS 

NaM. 
Packina Material 
Noainal Size 
Specific Area 
Critical surface tension 
Packing depth-
Air friction factor 

AIRSTRIP Ver. 1.1 {C) 1988 

: . . 
: 
: 
: . . 

Flexirinaa 
Plastic 

1.50 inch 
39.9 ft""2/ft""3 

33 cbrne/cm 
40.0 ft 

31 
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~** A N A L Y S I S OF S T R I P P I N G T 0 W E R ******* 

PROJECT : Phenols 

INGINIIR : CWB 

DATE 

PAGE 

WADING RATES 

Water mass loading rate 
Air maes loading rate 
Water volumetric loading rate 
Air volumetric loading rate 
Air preUure aradient 
Volumetric air/Water ratio 
Strippinl factor 

. . 
: 
: . . 
. . 

0.7 lb/ft~2.s 
0.183 lb/ft"2.s 
5.20 Ga/ft"2 
1118 ma/ft .. 2 

0.069 .. H20/ft 
215.0 

0.0 

MASS TRANSFER PARAMETIRS · 

Percentage of packing area wetted . 37.4 I . 
Wetted packing area : 14.9 ft"2/ft"3 
Transfer rate CODStant in water : 0.000422 ft/s 
Transfer rate CODStant in air . 0.059875 ft/s . 
Overall tr8D8fer rate conatant : 0.000004 ft/s 
Overall mass transfer coefficient . 0 .• 0001 1/s . 
NTU : 0.0139 
lf1'U : ***·**** ft 

OONTAKINANT Rlti>VAL 

Influent concentration 
Effluent concentration 
Jraction r.aved 
Mus of contaminant reaaved 
Concentration in airstream 

: 

: 

: 

3.6 mg/L 
3.6 m&IL 
1.41 

0.00310 lb/ftA2.day 
0.00061 m&/ft~2.ft"3 

4/8/1991 

2/2 

* Expressed per unit of stripping tower cross-sectional area 
# E:xpressed per unit of tower length 

* 
* 
* 
* # 

* 

* 
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*******ANALYSIS OF S T R I P P I N G TOWER ~ 

PROJEcr =--~

ENGINEER : ()18 

I DATI : 4/8/1991 
• 

PAGE : 1/2 

Desip temperature 
Density of water 
Density of air 
Viscosity of water 
Viscosity of· air 
Surface tension of Wa.ter 
Ataoapheric preaaure 

PHYSICAL OONSTANTS 

: 80.0 decrees F. 
: 82.2 lb/ft~3 
: 0.0735 lb/ft~3 
: 5.801-o4 lb/ft."s 
: 1. 211-o5 lb/ft. s 
: 72 dyne/em 
: 1.00 ata 

OOHTAMINANT PROPIR'l'IIS 

N~ : Benzene 
Molecular weight 
Boiline point : 
Molal volu. at boilinl point : 
Henry. e Comstant : 
Enthalpy ~-diuolution in water : 
Molecular diffusivity in air : 
Molecular diffusivi ty in water 

78.1 &!mol 
176 degree• F. 

0.0960 Waol . 
0.~ j 

' 3880 c.al/mo~ 
1.051-o4 ft~2/s · 
1.141-08,ft"'2/s 

PACKING PROPERTIES 

Name 
Packing Material 
N~nal Size 
Specific Area 
Cri tieal surface tension 
Pacldn, depth 
Air·friction factor . 

AIRSTRIP Ver. 1.1 (C) 1988 

. Flexirings 
Plastic 

: 1.50 inch 
: 39.9 fi"'2/ft"'3 

33 ci)'De/cm 
. 4.0.0 ft 
: 31 

3209 Garner Ames, Iowa. 50010 

***** · HARZYN INGINIKRING INC. ***** 



******* A N A L Y S I S OF S T R I P P I N G T 0 W E R ******* 

PROJEcr • BEXT DATI 4/8/1991 

INGINIIR ()18 PAGE : 2/2 

Water mass loading rate 
Air mass loadinl rate 
Water volla88tric loading rate 
Air volumetric loading rate 
A~ preHUre gradient 
Volumetric air/Water ratio 
Stripping factor 

WADING RATES 

: 0.7 lb/ftA2.s 
: 0~183 lb/ftA2.s 

5.20 gpm/ft"2 
1118 gpm/ftA2 

: 0.069 .. H20/ft 
215.0 

: 66.3 

MASS TRANSFER PARAMITIRS 

Percentage of packing area wetted 37.4 % 
Wetted packing area 14.9 ftA2/ftA3 
'l'ransfer rate constant in water : 0. 000433 ft/s 
TraDBfer rate constant in air : 0. 065308 ft/s 
Overall transfer rate constant : 0.000424 ft/s 
Overall mass transfer coefficient : 0.0063 1/s 
NTU 36.0526 
HTU : · 1.1095 ft 

Influent concentration 
lffluent concentration 
Fraction removed 
Hue of contaminant removed 
Concentration in airstream 

CXlNTAMINANT Rlti>VAL 

. . 
50.0 mg/L 
0.0 U&IL 

100.0 % 
3.12000 lb/ftA2.day 

0.61163 mg/ft"2.ftA3 

* Expressed per unit of stripping tower cross-sectional area 
.# Expressed per unit of tower length 

* * 
* 
* 
# 

* 

* 

AIRSTRIP Ver. 1.1 (C) 1988 3209 Garner AIDes, Iowa 50010 

***** WARZYN ENGINEiRING INC. ***** 

'· 

-

J 

I .... 

I 
~ 

I 

J 

I 
~ 

-



-

-
..... 

; 

....... 

******* A N A L Y S I S OF S T R I P P I N G 

INGINDR : OfB 

PHYSICAL OORSTARTS 

T 0 WI R ~•u 

DlTI : 4/8/1991 

PAGI : 1/2 

1 .#\ Desian te.perature 
~ Density of water 

Denai ty of air 
Viecoei ty of water 
Viecoeity of air 

80.0 deJrMS F. 
62.2 lb/ft"'3 

: 0~0735 lb/ft"'3 
: 5.801-o4 lb/ft.s 
: 1.211-o5 lb/ft.s 

. -
-
i 

' -

-

-

Surface teuaion of water 
Atmoepheric preaaure 

: . 72 dyne/em 
: 1.00 atm 

Name : Chloroform 
Molecular weiJht : 119~4 a/mol 
Boil be point : 1•4 dqrees 'I. 
Molal vol,.. at boiling point : 0.0923 L/tlol 
Henry .. a Ccmatant : 0.12000 
Enthalpy USOii-atuolution in water : . 3436 ca.l/llol 
Mol•cular diffwsivity iD air l.031-o4 ft"'2/s· 
Moiecular diffuSivity in water • 1.1'11-oa ft"'2/s 

PACKING PROPIRTlKS 

Name 
Packinl Material 
Nc.in&l Size 
Specific Area 
Critical surface teiusion 
Packinl depth 
Air friction factor 

AIRSTRIP Ver. 1.1 (C) 1988 

Flexirinas 
: P,lutic 
: 1.50 inch 
: 39.9 ft"'2/ft"'3 
: 33 dyne/aD 
: 40.0 ft 
: 31 

.. 

3209 Gerner Alles, Iowa. 50010 

***** WARZYN INGINIIRING INC. ***** 



******* A N A L Y S I S OF S T R I P P I N G T 0 W E R *=*'***** 

PROJICT • Chlorinated tfethanes DATI • 4/8/1991 

INGINIKR : C>IB PAGE 

WADING RATES 

Water mass loading rate : 0.7 lb/ft"2.s 
Air mass loading rate : 0.183 lb/ft"2.s 
Water volmaetric loading rate : 5.20 aa/ft"2 
Air volumetric loading rate : 1118 gpm/ft"2 
Air pressure gradient r : 0.069 .. H20/ft 
Volumetric air/Water ratio . 215.0 
Stripping factor . 34.9 . 

Percentage of :Packing area wetted : 37.4 I 
Netted packing area 14.9 ft"2/ft"3 

: 0.000438 ft/s Transfer rate constant in water 
Transfer rate constant in air 
Overall transfer rate conatant 
Overall mass transfer coefficient : 
NTU 
JmJ • 

Influent concentration 
Bfflue~t concentration 
fraction remc;ved 
Mus of contaminant removed 

· Concentration iJa airstream 

: O.OM397 ft/s 
0.000420 ft/s 

: 
: 

0.0063 1/s 
21.3933 
1.8697 ft 

OONTAHINANT RltfJVAL 

: 
: 
: 
: 
: 

200.0 ug,IL 
0.0 ug,IL 

. 100.0 I 
0.01248 lb/ft"2.day 

0.00245 mg!ft"2.ft"3 

2/2 

* Expressed per 1.mi t of stripping tower cross-sectional area· 
# Expressed per 1.mi t of tower length 

* 
* 
* 
* 
# 

* 

* 

AIRSTRIP Ver. 1.1 (C) 1988 3209 Garner Ames, Iowa 50010 
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******* A N A L Y S I S or S T R I P P I N G · T 0 W K R *'**~ 

PROJECT : Chlorinated lthanes 

INGIRIIR : am 

DATI : 4/8/1991 

PAGI : 1/2 

PHYSICAL OONSTANTS 

Deaian temperature : 80.0 dep-ees r. 
Density of water . 62.2 lb/ft"3 . 
Density of air : 0.0735 lb/ft"3 
ViiiCOSity of water : 5.:801-Q4 lb/ft.:e 
Viscosity of air : 1.211'-05 lb/ft.a 
Surface tension of water : 12 d,ne/cm 
Ataoepheric pressure : 1.00 atm 

OONTAMilWlT PROPIRTIIS 

N- : 
Molecular weiaht : 
BoiliDa point : 
Molal voll88 at boiling point : 
flemoy' a Constant : 
Enthalpy ~ clieaolution in water : 
MOlecular diffueivity in air : 
Molecular diffuaivi ty in water . ... . . 

, . 
Chloroetbane 

64.5 ataol 
54 decrees lP. 

0. 0727 L/llol ' 
0.88000 

· 3800 c&l/rlol 
1.251-<M ft'"'2/a 
1.35i-oB ft .. 2/s 

PACKING PROPIRTIIS 

Name 
Packina Material 
Noainal Size 
Specific Area 
Critical surface tension 
Packing depth 
Air friction.factor 

AIRSTRIP Ver. 1.1 (C) 1988 

. . 
: 

: 
: 

: 

Flexirinas 
Plastic 
1.50 i.Dch 
39.9 ft'"'2/ft"3 

33 dyne/ca 
40.0 ft 

31 

3209 Garner Alles, Iowa 50010 

***** WARZYN INGINIIRING INC. ***** 
'· 



******* A N A L Y S I S OF 

PROJECT : Chlorinated !thanes 

.INGINDR : om 

Water IIUS loading rate 
Air mass loading rate 
Water volumetric loading rate 
Air vollaMttric loading rate 
Air preesure gradient 
Volumetric air/Water ratio 
Strippiilg factor 

STRIPPING 

WADING RATIS 

: 0.7 lb/ftA2.s 
: 0.183 lb/ftA2.s 
: 5.20 ~ftA2 

1118 aa/ftA2 
0.069 .. H20/ft 

: 215.0 
: 198.1 

MASS TRANSFER PARAMKTERS 

Percentage of packing area wetted : 37.4 S ' 

T 0 W I R ******* 

DATE • 4/8/1991 

PAGE • 2/2 

Wetted packing area : 14.9 ftA2/ftA3 
Tranafer rate constant. in wat.er 0. 000470 ft/s 
Transfer rate constant in air : 0.0'73344 ft/s 
Overall transfer rate constant : 0 ~ 000467 ft/s 
Overall mass transfer coefficient : 0.0070 1/s 
HTU : 24.6670 
HTU 1.6216 ft 

Influent concentration 
Effluent concentration 
Jraction remov~d 
Mus of contaminant removed 
Concentration in airstreaa 

. OONTAMINANT Rlti>VAL 

: 
: 
: 

3.2 mg,IL 
0.0 uaiL 

100.0 X 
0.19968 lb/ftA2.day 

0.03914 mg/ftA2.ftA3 

* Bxpressed per unit of stripping tower cross-sectional area 
# Expressed per unit of tower length 

* 
* 
* 
* # 

* 

* 

AIRSTRIP Ver. 1.1 (C) 1988 3209 Garner Alles, Iowa 50010 

***** WARZYN BNGINBIRlNG INC. ***** 
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*******ANALYSIS OF S T R I P P I N G TOWBR ******* 

PROJBCT : ChlortDated B;thenes 

DlGINIIR : am 

Design temperature 
Density of water. 
Density of air 
Viecoeity of water 
Viecoei ty of air 
Sarface tension of water 
·~~ic pressure 

. . 
: 

. . 
: 
: . . 

MTI : 4./8/1991 

PAGB : 1/2 

80. o dearees F. 
62.2 lb/ft"3 

0.0735 lb/ft'"3 
5.801-o4 lb/ft.e 
1.211-os lb/ft.e 

12 d7ne/Cil 
1.00 ata 

rotrl'AMINANT PROPIRTIIS 

N~ : 
Molecular weight : 
Boiliq point : 
Molal volUiie at boiliq point : 
~"'e Ometant : 

-lrithalpy upon dieeolution in water : 

Tetrachloroethylene 
165.8 1/W>l 

250 dell"Ms r. 
0.128o L/Jiol 

. 0.59000 

' •
1 Molecular diffuaivity ib air : I / 

3581 ca.l/Biol 
8.521-o5 ·ft .. 2/e 
9.601-()9 ft"'2/e ,_,_ Molecular diffuaivity in water : 

' -

-

PACK~NG PROPD.TIIS 

Name 
Pacld.DC Material 
Nc.iDal Size 
Specific Area 
Critical surface tension 
PackiDC depth 
Air friction factor 

AIRSTRIP Ver. 1.1 (C) 1988 

: . . 
: 
: 
: 
-: . . 

Flexirings 
Plutic 
1.50 i.Dcb 
39.9 ft .. 2/ft"'3 

33. cb'ne/cm 
40.0 ft 

31 

3209 Garner Ames, Iowa 50010 

***** · WARZYN INOINIIRING IHC. ***** 



******* A N A L Y S I S OF STRIPPING T 0 WE R ~** 

PROJECI' Chlorinated Etbenes 

ERGINDR : ()18 

DATE : 4i8/1991 

PAGE : 2/2 

WADING RATES 

Water mass loading rate 
Air mass loading rate 
Water volumetric loadinl rate 
Air volwaetrie loading rate 
Air pressure gradient 
Vol~ric air/water ratio 
Stripping factor 

,
' 

: 

0.7 lb/ft·2.s 
0.183 lb/ft"'2.s 
5.20 gpm/ft•2 

. 1118 ma/ft"'2 
0.069 .. H20/ft 
215.0 
173.8 

MASS TIWISFBR PARAKKTERS 

Percentage of packi.Jlg area wetted : 37.'4% 
Wetted packinl area : 14.9 ft"'2/ft .. 3 
Trenl!lfer rate constant in water . 0. 000397 ft/s . 
TPaDifer rate constant in air .. 0.056749 ft/S· . 
Overall transfer rate CODStant . 0. 000394 ft/s . 
Overall mass transfer coefficient 0.0059 1/s 
BTU : 20.3090 
HTu : 1.9696 ft 

<X>N'l'AtfiNAN'l' Rlti>VAL 

Influent coDCentration 
lffluent concentration 
fraction removed 
Mus of contaminant rsaoved 
Concentration in airstream 

: 125.0 ug/L 
. 0.0 ug/L 

100.0 % 
0.00780 lb/ft•2.day 

0.00153 mg/ft"'2.ft•3 

* Kxpressed·per unit of stripping tower cross-sectional area 
# Expressed per unit of tower length 

* * 
* 
* # 

* 

* 

AIRSTRIP Ver. 1.1 (C) 1988 3209 Garner Ames, Iowa 50010 · 
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U.S.G.S Modflow model (Modflow) was used to simulate the groundwater flow system 

in the upper aquifer at the American Chemical Service NPL Site. Modnow is a three

dimensional finite-difference groundwater flow model developed by the U.S. 

Geological Survey. The model simulates groundwater flow within· aquifers using a 

block-centered finite-differenc·e approach. Multiple layers can be simulated as 

confined, unconfined, or a combination of both. The model can simulate external 

stresses including: flow to wells, areal recharge, evapotranspiration, flow to drains, flow 
·-- · ~ ~.· · · ·.· ... · - ... -- ........... -- -... · ..... _ ..... , ..... ~ ... _l.,.;•*•-""·•·s•~·· ....... "--.~ - ................... -..~t·.;.·.~·- ...... ~ ... ,....,. ... .:_.., .... .~. 

through nverbeds, and general-head boundary conditions. -

The version used for this report was compiled by S.S. Papadopulos & Associates for use 

. with the MT3D method of characteristics solute transport simulation. Abstracts from 

the ~odflow and MT3D model documentation are· attached. The following items are 

also a~ed following this summary of the modeling procedure: 
/ 

• Table summarizing input variables for the modeling. 

• Figure shoWing Finite Diffe'rence Grid and Node Assignments 

• Contour plots of the simulated water table under current conditions, and future 
conditions, assuming landfill closure, and closure of the A~ Firepond. 

• Block d~ _of the current and future water table simuiations 

• Solute trans~rt simulation results for 10 years, 20 years and 30 years to predict 
effects of Giiffith municipal landfill in upper aquifer. 

• Modflow input IDes for Current Conditions Simulation 

• Modflow ~put files for Future Conditio~ Simulation 

• MT3D input files for simulating 30 yean of solute transport from the Griffith 
,Municipal Landfill. 

MQDELPARAMEJERS • 

Modeling in this implementation was limited to the upper aquifer which is effectively 

isolated from lower aquifer by the clay confining layer ·found beneath the upper aquifer 

across' the whole site. A single. consistent set of time and space units are required for 

the model Th'e units selected for .this implementation were •feet• for length units and 

"days" for the time unit. The following parameters resulted. (Jrid spa~g, aquifer 
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thickness, and watertable elevation were reported in feet. Hydraulic conductivity units 

were in feet per day;. transmissivity units were in feet-squared per day. Volumes of 

discharge and recharge were reported in cubic feet per day. The Strongly Implicit 

Procedure (SIP) module used to solve model. 

. - ....... - ..... _ ... __ ... .. . .. ~ ~ . ··- •· ..... - ... - .............. -· 

A 30 column, 24 row finite difference grid, with 100-foot grid spacing was used for the 

simulation. Input variables are used in the model to define the: 1) aquifer geometry, 2) 

..... boundary cond.itio_~~-' 3). ___ hy4r~u~i~-- c;l!a~r:~f.tC!rJ~ti.~~.-'1~-}E~ .. !.q!!_!!~--!.It~..j)_ ... ~.~ .. 
recharge/discharge interactions with the atmosphere and surface water bodies. The use 
of each of these groups of input parameters is discussed below. The attached figure, 

. ~ . .. . . . . . . . . . . . . . . 

"Finite Difference Grid, Model Node Assignments," displays the orientation of the 

model over the modeled area, and indicates the boundary conditions used. 

Aquifer Geometry 

Aquifer thickness is variable because the a water table aquifer is being modeled. The 

base of the aquifer is assumed to be 620 feet rnsl. The water table elevation is variable 

across the Site, at 630 to 634 feet msl in the ACS facility, to less than 625 feet in vicinity 

of the municipal landfill where de-watering occurs continuously. 

Boundazy co-nditions 

The General Head Boundary (GHB) module was used to simulate the boundary 

conditions surrounding the site. GHB entries were made for each of the exterior nodes 

of the model. The "head" specified for each was the average groundwater elevation 

observed along that boundary during the RI. ~e conductivity value was selected to 
represent the transmissivity of the aquifer. 

Hydraulic Pro.perties 

Aquifer characteristics are required for each layer of the model. These include: 

specific yield (storativity), hydraulic conductivity, and transmissiVity, vertical ~ydraulic 
conductivity between model layers. 

Speciftc Yieid for the upper aquifer was assigned to be SFl = 0.25. Since the aquifer 

being simulated is unconfined, it was not necessary to assign a storativity value. 
' - . 
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Hydraulic Conductivity. Based on baildown tests conductet;i at the Phase I and II 

monitoring wells, it was determined that the hydraulic conductivity ranges from 2.4 to 

24 feet/day (8.5xlo-4 to 8.Sx1Q-3 em/sec) from west to east across the site. The model 

calculated the transmissivity for each node, by multiplying the value by the saturated 

thickness, calculated as th~ difference. ~tw~en. ~b~ )V~~~!. ~~~t ~1~~ti9~, ~4 .. ~~~~~~!Cl.It ~ ...... ., . , , _._ 
of the bottom of the layer. The bottom elevation (BOT-1) was assigned as 620 feet in 

the BCF input file. 

Rechar&e /Discban~e 

Recharge is both lateral and vertical. Lateral-recharge occurs to the upper aquifer from 

north and east of the Site. For the simulation, lateral recharge is. controlled .by the· 

General Head Boundary assignments in column 30 and row 24. 

Areal recharge was applied on the· basis of 6 inches per year infiltration .(0.00137 

· feet/day), in the RCH module. Areal recharge was not applied to discharge areas, 

including areas of wetland observed at the site. The primary recharge occurred across 

the ACS facility, where there is little relief and no vegetation to promote runoff and 

evapotranspiration. Storm sewers drain approximately one-third of the ACS compound 

directly into the fire pond. The area drained is approximately 50 times gre~ter than the 

fire pond surface area, so the recharge to the pond was calculated to be 50 times the 

annual infiltration rate. 

Primary discharge from the upper aquifer occurs toward the landfill de-watering area in 

the southwest, and toward the drainage ditch which runs to the northwest and west of 

the site. These were simulated by establishing "river nodes" with assigned bead values 

in the RIV module. Locations are shown on the attachea Figure. 

MOPEL IMp! :EMfiNIADQN 
Existinl Conctitions Simulation 
The model was implemented with the hydraulic data developed in the Remedial 

Investigation of the· site. Initially the model was implemented to replicate the existiqg 

conditions at the site, with sur~ace water-discharge 'to the ACS Firepond and 

groundWater discharge to the excavation area in the Griffith Municipal Landfill. The 
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input files are included in this appendi.x. The DOS extension for the files is "•.ACt". 

Upon obtaining a reasonable replication of the observed water table configuration, the 

model was used to predict the future water table configuration, assuming that the 

Griffith Landfill is closed, so upper aquifer de-watering is discontinued, and the ACS 

Ji.r~e pond is .n9longe~ ~~4 tp r~c:;e,iv.~ .s~g~fe~~~C:~.~~-.Cl~~ ~--- ..,~ .... ••. -.... " ...... .-, ......... --··· ..... .,.. _ 

The aquifer permeability values used were derived by conducting baildown tests at most 

of the site monitoring wells. The results suggested that the hydraulic conductivity is an . 
--order of ~agrutud~ hlgh~~. ~~-the ~aSt.side. ~f .th~ -site i"iui~· aio~g. th~ -;e·sieili-boti"ndary· .. ·-~~. -- .. 

of the ACS facility. Grain-size analysis of aquifer samples indicated that the aquifer 

matrix was coarser grained at the wells along the eastern boundary. Groundwater flow 

modeling was used to history match water table configurations. It was found that the -......! 
observed head distribution in the upper aquifer was most reasonably achieved in the 

simulation where hydraulic conductivity values were lOx lower on the western side of 
• . • . . • • • • .. • • • • • ~ - • • . • _., -. • • ! , • ... 4 .... • -. .. • • - .. "- • • • • • ~ 

the site. 

The model was calibrated to known water table elevations, measured at approximately 

50 points across the site, including surface· water locations, measured at four different 

times throughout approximately one year. SenSitiVity aruilysis Wa5 .. eo.riducted With 1) · 

aerial recharge by infiltrating precipitation and 2) hydraulic conductivity. 

Average annual precipitation in northwestern Indiana is 44 inches. Simulations were 

run with assumed infiltration of 4 to 20 inches (10 to 50 percent). Infiltration amounts ·._/ 

from 4 to 12 inches gave results which were consistent with field observations. Even 20 

inches provided reasonable results. In otherwords, the model was relatively insensitive 

to variations in total infiltration amounts. 

The use of lower hydraulic conductivity values caused significant deviations from the 

obsetved water table heads. However, doubling and quad~upling the hydraulic · 

conductivity had relatively little effect on the water table distribution. Six inches of , 

annual infiltration, representing approximately 15 percent of the annual precipitation 

was selected as representative of the site conditions. 
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The major control on groundwater flow regime (and associated head values) appears to 

be the steep gradient and interaction between recharge at ACS and de·watering in the 

landfill area. 

~· 4 .~ .... *'"· •• Future Conditions Sjmulatjon ~· .. ___ .. ,. .. ~ ......... ~· .· .. A.-..:\4 .............. - .... ~ ............. IA._ ....... -.fll ....... --...""C' ...... ~ ......... .....,.._..~ ......... --. ... IW 

Three changes were made to the current condition (•.ACl} input files to create the 

future condition (• .AC3): 

.. ' . . . ,. - . .... -'"' ··~. . . :-:., ~ .•. .. . . . . -- ~ .. ' .. ·• . . """' .... ~--. ' . . . .._ ~. ·- .. . : . ""'. . . . 

the "drains" which represent the de-watering at the landfill were ·removed; 

the high level of recharge to _the fire pond was eli~nated;_ an_d ... 

• Infiltration was reduced by a factor of 10 in the Off-Site Containment area, 
because it is assumed that the area will be remediated and capped. 

The groundwater flow simulation was run for .~0 years, f9r .use. in ..tile sqlu~.e traJ;lSport , ...... .. 

simulation. 

SOLUTE TRANSPORT SIMVLAIION 
. . · ..... -· .• ........ . . . . •. -. .... ... .. ~ ..... -... - . 

Benzene was selected as the source of contamination to model. The concentration of 

benzene observed in the landfill ranged from 2 to 6 ug/L A value was 5 ug/L was 

assigned for the entire landfill area. 

The future condition water table results (• .AC3 input files) were used for the advection 

for the transport simulation. 

Longitudinal dispersion coefficient was assigned a value of Dt = 2 feet Transverse and 

vertical. dispersion coefficients of D1 = Dv = 0.4 were used. Retardation coefficients 

were calculated for the upper and lower aquifer in the RI Report, Section 6 (Table 6-2 

and 6-4). The value derived was Rf ·= 2.47, based on aquifer porosity of 0.25, bulk 

density of 1.8, and a distribution coefficient of 0.204. 

SIMJJLADON RESULTS 

The groundwater modeling shows that closure of the landfill and ACS fire pond will 

result in significantly reduced hydraulic gradients, but in no major change in 
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groundwater flow paths. The groundwater will still flow generally from the northeast, 

beneath the site and discharge at the ditch cut through the wetlands west of the Site. 

In the current condition groundwater t1ow regirpe, all the groundwater flowing beneath 

...... _the landfill, discharges to.th~ de~w.at~ring e~q.v~\i~m~:.. !~Lthe.fl:\!W$_\.~~~9.~..~!t~IJ. .. ~~ ........ --.. ·
de-watering is discontinued, the drainage ditch will resume its function and -

groundwater will continue to discharge to the east. 

' _. ........ ,. . J-... ... . . • .... -,. 
The solute transport model shows that the the benzene level (and other landfill 

constituents) will migrate slowly towards the west. The upper aquifer surrounding the 

landfill will not be affected by leaking leachate. · · 

................. ~ ............. _. __ ........ __ ............. ·-·· .. ~ ---· .... 

• • '" •" • .. -.• ,, -- -····r,' ....... • .·····- '•- ... '· .· ••-·"' • ~·~ ... • ".,, ........ _."-. -~ • •...., -• 



-,~::;~ 

._,.. .. ,: 

.. . .., .. 
--· 

\..._.....-' 

. ..... - ... • - .. y• ~ .... - .. .. · •, ...... . . .. . ... .,... ~ . : ...... ___ .. 
....... ......................... -··· ..... ~ ·~-

.. ~ .... 
~ ...... 

GROUNDWATERMODELDOCUMENTATIONAB~~ 

• •• • r •"'·"' ·" • • -·~ • •·• • • • • •• # • 

. 
i 
r 
I 
I 

. . 
... .,._ ..... ... .... ... .............. ....... .... ... ........... -~ ....... ~ ......... 1.~---~·····::,_~-~--.:.-... - ... , - ....... , ....... . 

,. .... · ............. . . .,. ................ _ -.... ·r# ... ,.... ..... -·~-·· ,.-.. ~~ .... • .. ~ ._"'r·~- ...... ,.....,.._.,..,t,...· ...... _. -- ,.,..._ ~-

''· !· -. 

·.., ~~. ~- •. ~'c: • . _, .. ~--:_ ·t-

. · .. :..>·:; ·.;;.·::.~ ·.··.: ... ::~.~.~: ~~r.~·., .• 
. . ~-- ' ' . .._ .. •. .. : . '- .. 
l' ·.•• • ··_c· , ~~ 

., ·. . ,• . 
·. . . 

• 
• ~ 4?.~.}. -~: ... <~;:~; . 
. -_~4J\~~--.:~ .. ~~~-;~ /' 

. !\···-~- ;:~~:l--~-:.t;j' ;. -:~~-... ~ 



.• -. 

- ... 

-
.... 

' • 

------ ~--- ----

.. .......... ~-,h • • - -4 ~- ........... - ....... -·. ···-: ... _ ...... , ... ~ ........ ., .............. :-······--- ........... ~~- ... _,.. ......... ,.....,. .........,..,_ .._ 

Techniques of Water-Resources Investigations 

- of the United States Geological Survey·.- . - · · ··_. 

. ... . . . . ··- . -...;- ' .. . .. . 

·-· · ·-- · "Chapter A1. · · -~-·-····· .. ···- -......... ·-·-··-- ·-------·· --·--- ·····-

A MODULAR THREE-DIMENSIONAL 

FINITE-DIFFERENCE GROUND.:.WATER 
• • • .... • • • • - • ·-. , ~... • ... •4.." .,..,: • • • • .......... "' • _.,_ •••.•• ·.. l.~ -:--·- ·-·· -··· ...... 

FLOW MODEl 

By Michael G. McDonald and 
Arlen W. Harbaugh 

- This chapter supersedes U.S. Geological 
Survey Open-File Report 83-875 

Book6 

MODELING TECHNIQUES 



.I 

• 

•• 

A MODULAR THREE-DIME~SICNAL FI~:TE-D~FFE~E~CE GROUND-~A7ER FLO~ ~OCEL 

By Michael G. McDonald and Arlen W. Harbaugh 

ABSTRACT 

· · ' ·· ·····This report ·presents ·a finite-difference· model·and Hs ·associated · ·-·- · · · ~ ... ~ -... '-·~ 
modular computer program. The model simulates flow in three dimensions. 
The report includes detailed explanations of physical and mathematical 
concepts on which the model is based and an explanation of how those concepts 
are incorporated in the modular structure of the computer program. The 
modular ·structure ·consists of a Main Program·.·a·nd a :s·eries'Of .h.ighly'- .· 
independent subroutines called 11 modules ... The modules are grouped into 
"packages.'' Each package deals with a specific'feature of the hydrologic 
system which is to be simulated, such as flow· froin rivers or flow·into·· .... ' .. 
drains, or with a specific method of solving "linear equations which describe 
the flow system, such as the Strongly Implicit Procedure or Slice-Successive 
Overrelaxation • 

. -·. The division of the.programjn~o_mo~ules_p~t:mJts .th!tU~~r: .. to~'~am.in~ .......... . 
specific hydrologic features of the model independently. This also facilitates 
development of additional capabilities because new packages can be added to 
the program without modifying the existing packages. The input and output 
systems of the computer program are also designed to pennit maximum flexibility. 

Ground-water flow within the aquifer is· simulated ·using a "block-centered 
finite-difference ·approach. ·Layers can be simulated ·as·confined,- unconfined;--· ·-
or a combination of confin~d and unconfined. Flow associated with external 
stresses, such as wells, areal recharge, evapotranspiration, drains, and 
streams, can also be simulated. The finite-difference equations can be 
solved using either the Strongly Implicit .Procedure or Slice-Successive 
Overrelaxation. 

The program is written in FORTRAN 77 and will run without modification 
on most computers that have a FORTRAN 77 compiler. For each program module, 
this report includes a narrative description~ a flow chart, a list of variables, 
and a module listing • 

1-1 
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PREfACE 

This document describes the theory and application of MT3D: a modular three
dimensional transport model for simulation of advec9-on. dispersion and chemical reactions in . . . 
groundwater systems. It includes four computer disks· containing the MT3D source code, 
example data sets, post-processing programs, and a flow model to be used in conjunction with 
MT3D. A supplemental document which contains a complete listing of the MT3D source code 
is available if there is a need to verify the source code included in the computer disk. ... . . . . ' . . . ~ . 

• ••• • • "' - • • • •• ... • •••• ·~ • . • t • 

The documentation for the MTID program bas been funded in part by the United States 
Environmental Protection Agency. However, tbc funding d9es not constitute endorsement or 
recoinmendaton by the United States Environmental Protection Ageney for the u.;C of ~D or .. 
any commercial products mendoocd in the document. 

To report any error in the MT3D program or to inq~ about future upgrades, please call 
or write to 

Olunmiao Zheng 
S.S. Papadopulos & ~sociates Inc. 

122SO Rockville Pike, Suite 290 
Rockville, Maryland 20852 

(Tel) 301-468-5760 
"(F.X) 301-881-0832. -·~· .•.. --. ..... , ·-..-.. .__ ... ~ ...... · · ... ·~·-~--~.· ....... ~ "'::"" ..... .._,.. 



Abstract 
mt3d: a modular three-dimensional transport model 

This documentation describes the theory and application of a modUlar three-dimensional •' 

transpon model for simulation of advection, dispersion and chemical reactions of dissolved 
constituents in groundwater systems. The model program, referred to as MT3D, uses a 

modular structure similar to that implemented in -~ODFLOW, the U; S. Geological Survey- · 
• ~ '"' o• ' "• ..,. • • I "• • 

modular three-dimensional finite-difference groundwater flow model (McDonald and Harbaugh, 

1988). This modular structure makes it possible to simulate advection, 4i~rsion, sink/sourc~ -

mixing, and chemical reactioas indcpendentiy Without reserving computer memory space for -.....,~ 

unused options. New transport processes and options can be added to the model readily 
without having to modify the existing code. 

•• • -- • • . ,.. - •• • ,. .• ... • .• •• t.. ... -- ••• -· •• • • • •••• , 

The MT3D transport model uses a mixed Eulerian-Lagrangian approach to the solution 

of the three-dimcn$ional advective-dispersive-reactive equation, in three basic options: the 
method of characteristics (referred to as MOC), the modified method of characteristics (referred 

to as MMOC), and a hybrid of these two methods (referred to as HMOC). This approach·-··--"-·~ 

combines the strength of the method of characteristics for eliminating numerical dispersion and 

the computational efficiency of the modified method of characteristics. The availability of both 

MOC and MMOC options, and their selective use based on an automatic adaptive procedure 

under the HMOC option, make MT3J? uniquely suitable for a wide range of field problems. 

The MT3D transpon model is intended to be used in conjunction with any block

centered tinite-diff~nce flow model such as MODFLOW and is based on the assumption that 

changes in the concentration field will not affect the flow field measurably. This allows the user 

to construct and calibrate a flow DlOdcl independently. MT3D retrieves the hydraulic heads and 

the various flow and sink/source terms saved by the flow model, automatically incorporating the 

specified hydroloJic boundary conditions. Currently, MT3D accommodates the following 

spatial discretization ca~ties and transport boundary conditions: (1) confined, unconfined or 

variably confined/unconfined aquifer layers; (2) inclined model layers and variable cell thickness 

within the same layer; (3) specified concentration or mass flux boundaries; and (4) the solute 

transpon effects of external sources and sinks such as wells, drains, rivers, aieal recharge and 

evapotranspiration. 

Absttact . 1 
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Table 1. 
Summary of Input Variables 

Upper Aquifer Groundwater Model 
ACS NPL Site 

The following are the input parameters for the Modflow Implementation of the upper 
aquifer at the ACS NPL Site. The general conductions used for· all simulations are- · · 
listed first. These are followed by a listing of th~ model parameters changed to 
simulate future conditions, and then input variables for the solute transport simulation. 

Single layer, 30 column, 24 row finite difference grid~ Uniform grid spacing .; 100 foot: .. 

Time Units = days, Length Units = feet 

Boundaxy Conditions 
General Head Boundary conditions provide regional water table elevations of 635 
feet msl in northeast, to 633 feet msl along south and west boundary, 635 to 634 
feet msl along eastern boundary, and 635 to 633 feet msl along northern boundary. 

Groundwater elevation is essentially controlled by discharge to the creek on the 
northwest (column 28) and west sidt;s (row 2). 

AQ.uifer Properties · . -~~~~~~?~f~":o5:~:1:~~/~e~)·. . .. . ....... ·- ......... . 
Aquifer thickness calculated within model 
· Top elevation from head-value for node 

Bottom elevation set at 620 ft msl 

Dischar" Areas 
· De-watering at Landfill Excavation 

The DRN module was used to simulate de-watering to 625 feet msl in the landfill 
de-watering area. -
Three river stretches set by RIV module 
Creek along row 3 between column 2 and 9, set to 630 ft msl 
Creek along row 2 between column 26 and 28, set to 630 ft msl 
Ditch along north boundary simulated setting column 28, rows 3 - 15 at levels from 
630 to 631 
Ditch just west of Off-Site Containment Area set at 632 ft msl,based on staff gage 
SG-1 history. · 
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Table 1. (continued) 
Summary of Input Variables 

Upper Aquifer Groundwater Model 
ACS NPLSite 

Rech~c Areas . · 
· CiH boundaries provide lateral recharge from northeast area. 
· RCH module used to apply areal precipitation recharge 

Average annual precipttatlon for area = 44 inches/year 
Model calibrated assuming 15% infiltration (6 in/yr) ACS facility has no 
vegetation. . . . . 
Storm sewers from southeast drain into fire pond · · · ... - · · · · ·· · ·· · · · 
Drained area is about SOx the fire pond area. 
. Coefficient of 50 used for tire pond . . . . . . . .. . . . . . . . .. . . 

Coefficient of 2 used for much of unve~etated area . . . . . 
Factor of 2 used in Off site area at mternal drainage area north of Off-Site 
containment area. 

Time step was 5 years to represent essentially steady-state conditions. 

Strongly Implicit Procedure (SIP) module used to solve model. 

~ CQNDITJON SIMUL\TION 
reeclianges were made to the current condition(* .ACl) input files to create the 

future condition (* .AC3): 

• the "drains" which repres'ent th~ de-WateririJ at the'landfill'were'removed; ............ . 

the high level of recharge to the fire.pond was eliminated; and 

Infiltration was reduced by a factor of 10 in the Off-5ite Containment area, 
because it is assumed that the area will be remediated and capped. . 

The groundwater flow simulation was. run for 30 years, for use in the solute transport 
simulation. 

SOLUJ'E TRANSPORT SIMULt\TION 

Source: S ug/L benzene for entire landfill area. · 

Advection was driven by future condition ~ater table configuration, for 30 year 
simulation. · 

Dispersion: D1 = 20 feet 
Dt = 0.4 feet 
Dv = 0.4 feet 

Retardation. Benzene retardation factor = 2.47 
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I 
1 1 ., 634.1 25 • .. 
1 1 3 634.1 25. 
1 1 4 634.1 25. 
1 1 5 634.1 25. 



............ 
=~.:'.~1.. ... 

-'L 
---

-~ ..... ~ -·. 
~ ·:~.: .J :s. 

~- ... ~t' -.. 
!J ~: ... J -·. 
11 --. l !I .... .;. u :s. 

! I": 
·~ 634.8 .,. 

~J. 

. - -. -- . .... ---•' ~:4.J .;."""'' 

1 I' .'! 63~.~ 
,,_ ...... 

1 15 634.0 25. 
1 16 b3Ul 25. ....... ·- -. --

1 li 534.0 .- ~ .!"25: .... •.,....,.."-""'-""'•· ·,~._.,. ... ~-· .• · • .,·~--. .. ·• • _.."•...._,.., •""'.""'-&,-,..,'\"•••·r.J""'-• ~ ·. . 

1 18 6~4.0 25. 
1 19 634.0 25. 
1 28 634.0. .25 •.. .. ·.- ...... . -. .- -. .... ..... ·' .. 
1 21 o3~.a 

... 25: 
1 ~., 

'-~ b34.0 25. 
1 23 b34.iJ .,. .J. 

24 634.~ '~: 

1 1 25 634.0 25. ~ 
1 1 26 b34.1 ·25. 
1 1 27 634.8 ~._ 

/. .... 
1 1 28 634.0 25. 
1 1 29 634.11 25. 
1 31 633.1 25. 
1 '1 38 633.9 25. .. 
1 3 31 633.i 25. ·- 1 4 31 633.8 25. 
1 s 38 633.0 25. 
1 6 31 633.8 25. 
1 7 31 633.8 25. 
1 8 38 633.8 25. 
1 9 38 &33.0 25. 
1 11 31 &34.0 25. 
1 11 3B &34.1 25. 
1 12 38 634.8 25. 
1 13 31 634.1 25. 
1 14 38 634.11 25. 
1 16 38 635., 25. 
1 17 38 635.1 25 .. 
'1 18 31 635.1 25. 
1 19 31 635.8 25 .• 
1. 2il 31 635.0 25. 
1 21 31 635.1 25. 
1 22 31 &35.1 25. 
1 23 ~· 635.8 25. 

-1 T-2 
-1 T-3 
-1 T-4 
-1 T-~ 
-! T-6 
-1 T-i 
-1 r-a 

' 
! ~-



. .._, 

.. '_,; ........ 

J 

~ ~ J 3 3 ~ J 3 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2 2 3 J ~ ~ ~ ~ ~ ~ ~ ~ 

J i ~ ~ l J ~ ~ 3 3 ~ 3 ~ ~ ~ J 3 J J J 3 c ~ ~ 3 ~ J J J ~ 

0 ~ 3 a ~ 0 B 0 3 0 e a a a a J ~ ~ J 0 a a a a a a 1 ~ a a 
~ a a i.3.3.3.s.s.s.s.~.5.5.5 a a a a a a a a a a 8 0 o ~.a 
~ ~ ~.3.~.3.3.5.~.5.s:s.~.~.~ ~ ~·a ~ a·a a i ~ ~·~ j a'J i 
a a.3.3.~.3.s.s.5.5.5.5.s.s.s a a a a a a a 0 e 0 a a a a a 
a.3.3.3.3.5.5.5.S.5.5.5.5.5.5 I a I I B a I 8 8 i B I a B B 

...... -.. - ~' ...... ' 

0.:.3.3.s.s.s.s.5.s.s.~.s.s.s a 0 a a a e 0 a a·a 0 iH a ~ · : · · ·; .. ·· .. · .,.":4· :.; . ...:. .. -~.~ 
J.3.3.3.s.s:s.s.s.s:s.5.5.5.5 it a·a 'a ·a-a--0 a i' fa rrtr· .... -- ~ ............ ~.. .. . -... . 
a.3.3.3.5.5.5.5.5.s.s.s.5.5.5 e 1 a a 8 a e a a 8 • a 8 8 0 
a.3.3.5.5.5.5.5.5.5.5.5.5.5.5 a 8.3.3.3.3.3.3.3.3.3.3.3 0 a 
8.1.3.s.s.5.5.s.s.s.~.s.~.5.s·s a.3 s s-s s 1 1 1:3.3.3 e i 
3.3.~.5.5.5.5.5.5.5.5.5.5.5.5.3.3.3 2 2 2 2 2 1 i 1·.3.3 0 3 
8.3.3.5.3.5.5.5.5.5.5.5 1 1 1 1.5 1 25858 2 2 2 5 1.3.3 e a 
&.3.3.3.3.5.5~5.5.5.5.5 1 2 2 2 1 1 2 2 2 2 2 2 s 1.3.3.3 a 
0.3.3.3.3.5.5.5.:.5.5.5 1 2: 2 1 1 1 1 1 1 1 l·l 1.3.3.3 3 ....... - .. 
e.a.3.3.3.3.3.3.3.3.3.~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1.3.3.3 i 
I a I a 8 I 8 I a a.~ I a.5.5.5.5 1 1 1 1 2 1 1 1 1.3.3.3 8 
9 8 3 I I 8 I B I I I I 8.5.5.~.5 1 1 1 1 i 1 1 1 1.3.3.3 i 

· a 8 a a 8 a a a 8 a a· 1.5.5.5.5.5.3.3.3.3.3.3.3.3.3.3.3.3 8 
I I I I J I I I a I a 1.5.5.5.5.5.3.3.3.3.3.3.3.3.3.3.3.3 I 
8 I I a I 8 8 I I a 8.5.5.5.5.5.5.3.3.3.3.3;3.3.3.3.3.3.3 8 
I I I 8 I 8 a I 8 8 8.5.5.5.5.5.3.,3.3.3.3.3.3.3.3.3.3.3 a I 
a a I I I a I I I I I I I 8 I I I I ~ I I I a I I I 8 I I I 

-1 INRECH T-2 
-1 
·1 
-1 
·1 
-1 
·1 
-1 

INRECH 
INRECH 
INRECH 
INRECH 
INRECH 
iNRECH 
INRECH 

i-3 
T-4 
i-5 
T-6 
T-7 · 
i-8 
T-9 



; .. :-',-..,_ ... -.. :::·_ =~ 

.......... _-
. l -. ~ 

··,..· 

....... 

~- I 



J 

-1 
-· 

-1 
-. 

-1 
-1 

-:-1 . 
-1 
-1 

1 
1 

.. .,;r::;}, " ... ·~ 

, 
L 

3 , 
L 

.. ---= ·---= ·: .. = . -:-: .................... -··--- ............. -
~o~~.::Jr.~J;.~:as~ 

:~CJ~E.!~DrF~.:3~:FL.l~5~~~ 
. -·-- . --- ... -- -~---
6:11.,..; ... : •• ~ ...... !--· .:: ..... :- .... -...: .... --
"'' ,,. ... _..,_ •• .. r ... .., ............ •••.--

ili~U~t~!~~Ur~~J:U~~-.lL:L~-

!~CuuE,I~ODFL,iSU~~L.IL&CFL T5 
!NCCD~.I~~DFL,!?~DFL.IC?~~~ -
iNCJ~E,IHDCFL,i5U0FL,:C5SF~ T~ 

a iNCODE,IHDDFL,iBUDFL,iCBCFL TS 

-::: 

0 . !" INCODE, iHDDFL, IBUDFL, ICBCFL B 
a .. _·: ~- · .. J .'., ·.:.;.Jl(o.DE)ijnDEL~.tBtiDF.i.;lc~CE~"._'t~O ~.~;;..,:..,.· ~.~:·..;;;,;;. ... :. 
0 l~CODE,IHDDFL,IBUDFL,iC5CFL. ill 
0 1 INCODE,IHDDFL,IBUDFL,ICBCFL il2 
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INPUT FILES 

FUTURE CONDITION GROUNDWATER FLOW SYSTEM 

.... 

- I 



' ' ., , ' ·- l' .. - t.' i. , 
" 
1 (3ai21 ~ 

1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 
: : :. 1 : ~ 1 l ~ : i : i ! . 1 l 1 'l' ! i ~ ! : : '! :· : 2 '!··-: 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 2 l 1 
1 1 1 1 1 1 i 1 1 1 1 2 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 2 1 1 

. ---- ·----
' ,...~ _,,.. . ; ; -
I ~~iJffD-l 

... , ' 

1 1 1 1 1 1 1 1 1 1 1 2 1 1 .2 2 2 1 1 1 1 1 1 l l 1 1 2 .1 L. .... - .. · -· . - - ··-- .··· . .. .... . . .. . ·-. ' 

1 1 1 1 1 1 1 1 1. 1 1 1 1 1 1 1 1 1 1 1 1 ·1 1 1 1 1 1 2 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 
1 1 1 1 ! 1 1 1 ! i 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1. 1 1 2 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 i 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 
1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 
1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 : 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 2 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1.1 1) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 i-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 '1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

638.5 
1 1 I i15F5.1) 4 IHEAD-1 

6340 6311 631a 6310 6311 6311 6310 6311 6311 6311 6311 638& o3i8 6318 6318 
6311 6311 6381 6311 6311 6311 6311 6311 6311 6311 6311 6311 6311 6311 6311 
6341 6311 6311 6311 6311 6311 6311 6318 6299 6298 6311 6311 63il 6311 6311 
6311 6382 6312 6381 6311 6311 6311 6311 6311 6311 6311 6311 6311 6381 6311 
6348 6381 6311 6311 6311 6311 6311 6311 6311 6295 6311 6314 6311· 6311 6381 
6311 6311 6314 6314 6314 6314 6314 6314 6383 6313 6312 6311 6311 6381 6311 
6348 6383 6313 6313 6313 6313 6312 6311 6298 6311 6311 6311 631t6311 6311 
6318 6381 6387 6387 6317 6387 6387 ~317 6316 6385 6384 ~12 6381 6311 6318 
6341 0314 6315 6315 6315 6315 631,4 6313. 6311 6311 6311 6311 63H 6311 6311 
6311 6311 6319 6311 6311 6318 6311 6319 6318 6317 6315 6313 6311 6312 6381 
63~1 6385 6317 631i 6386 6317 6317 6315 6383 6311 6318 6311 6311 6311 6381 
6319 6311 6312 6313 6313 6313 6312 6311 6318 6318.6386 6314 6311 6312 6313. 

·6348 6317'6318 6389 6318 6311 6319 6319 6317 6315 6313 6312 6384 6317 6311 
6313 6314 6315 6316 olio 6316"6315 6314 6312 6311 6317 6314 6311 6312 6313 
6341 6318 6311 6311'6312 6312 6312 6312 6311 0311 6311 6311 6311 6313 6315 
6316 6318 6319 6319 6319 6318 6317 631~ 6314 6312 6319 6315 6311 6313 6314 
6341 63" 6311 6313 6314 6314 6315 6315 6315 6315 6315 6315 6316 6317 6319 
6321 6321 6322 6322 6322 6321 6321 6318 631o 6313 6311 6316 6311 6313 6314 
6341 6311 6313 6314 6316 6317-6317 6318 6319 6319 6319 6321 6321 6321· 6323 
b324 6324 6325 6325 6325 6324 6323 6321 6318 6315 6311 6316 6311 6313 6315 
6341 6312 6314 6316 6317 6319 6321 6321 6321. 6322 6322 6323 6324 6325 6326 
6327 632i 6328 6328 6328 6327 6325 6323 6328 6317 6312 6317 6311 6314 6316 
6341 6313 6315 6317 6319 .6321 6322 6323 6324 6325 6325 6326 6327 ~328 6329 
6331 6331 6331 6331 6331 6331 6328 6326 6323 6319 6314 6318 6311 6315 6317 
6341 6313 6316 6318 6321 6322 6324 6325 6326 63276328 6329 6331 63l1 6332 . 
6332 6333 6334 6334 6334 6333 6331 6329 6326 6321 6316 6311 6311. 6316 6318 



, .• _ • • .._,, "., • .• ..._or-· 

... --

::--.:.- __ 

:-- L 

:::.:.: ...... 

... --- --.- .--· .... . 
=-~~ C~!~ C .... :~-~ : ... : : ___ =---· : .. -

6348 6342 6343 6343 6343 6343 63~2 6341 6340 6338 6336 6335 6333 6333 6333 
b316 6319 o322 o324 6326 6329 6338 6332 6333 6335 6336 a33i o33q 634@ 6341 - -.' . . . . . . .... ·. - .. ·,• .. - ~ . ~·-- -· ...... _._ .. -~-· ... -.--. '··-~· --· 

·- -6342 ·o3·G -~34.1 ·o344 6~44 a344 e?44 iJ}43~54~-o'3-t1?~4i-tr5-J'?-~:.;~~~~-.....,_..._.._"-'.-.._.~ ..... --" 
631i 6328 6322 6324 6327 6328 63:& 6332 6333 6335 6336 6338 6339 6348 6341 
6342 6343 6344 6345 6345 6345 6345 634~ 6344 6343 6343 6342 6341 6340 6~40 
6317 b320 6322 6325 6327 6328 6338 6332 6333 6:35 6336 6335 633q 6340 634: 
6343 6344 63~5 o346 b34o o3~'7 6347 o346 b34o b3-io 63~5 e34~ .,:~~ 6343 ~3.03 .. ' . 
6318 6321 6323 6325 6326 6328 6330 6331 6333 633~ 6336 o335 ~339 o340 o34: 
6343 6344 6345 6346 6347 6348 b34S 634ij 6348 6~~7 6347 b347 6346 634o 6345 

6343 6344 6345 6347 6345 6349 6341 6349 e349 6341 6349 6348 634e ~345 6348 
6321 6321 6322 6324 6325 6327 6328 6338 6331 6333 6335 6336 6338 6340 6341 

' 6342 6344 6345 6347 6348 63SB 6358 6351J 6351! 6351! 6~5e 6350 635S o3SQ 635iJ 
li957.5 3B 1. T-1 
1826.25 1 1. T-2 _ 



. . ....... _ · .... -~ -~· ......... ... 

l. 
:·~0. 

:~\1. 

.. -,.:::. ' 

:: ~- .::= .. 

r· • . ; ro.r i 

ll 0.25 (;3F2.0) !1 Srl·l 
1 1 .1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 ·1 1 1 1 1 1 i 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1· 1 1 1 1 ~ 1 1 1 1 1 1 ! 1 1 
1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 
1 1 1 1 .1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

. ·1·{ ·1· i··~ .i-·1· i -!· 'i-l·-t'·t-~ki-·t·4;l :~.,i.~:;.~ . .r~:i.~.i....,~~-.::.~~~~~; .. ~.:~~~: .. ;:.;:;~ . 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 
1 1 ! 1,1 1 1 1! 1 1 ·1 1 l ·1 1 1 i 1 1 1.1 1 1 1 1.J 1 i~l 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 . . 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 
1 ! 1 1 1 1 1 1 1 1 1 1 1 1 i 1 ! 1 1 1 1 1 1 1 ~ ! 1 1 l 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.1. 1 1 i 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 
1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

11 2.4 (25F3.1t . 8 HV·l 
, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

111.11 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 
1. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .1 
1 1 1 1 1 
1 1 1 1 1 1 1· 1 l· 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

.1 '1 1 1 1 
. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 
11111111-1111 1'11111111 1 
1 1 J 1 J 
1 1 1 1 1 1 1. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 
1 1 1 1 1 
2 2 2 2 2 2 2 2 2 2 2 2 2 l 2 2 ~ 2 2 2 2 2 2 2 2 
2 2 2 2 2 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3. 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 
4 4 4 4 4 • 4 4 4 4 4 4 4 4 4 4 4 4 .4 4 4 4 4 4 4 
4 4· 4 4 4 
5 ... 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
5 5 5 5 4 
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 ·0 6 



------- -~~--------

. --:: - . ·::· :.l: ~-.. - •'-- :. 

- - - - - - - - -

' ll 5 4 
•.; 3 3 ~ ' - ~ 3 . . . . - ---- -~ 

~ 1 ~ Q 9 t . .. . 1 ·~ ; ~ 

8 i 6 5 4 

a : o s ~ 

18 18 1~ 18 10 10 18 10 18 10 18·10 18 10 10 18 li 18 18 li 18 1~ 18 l~ ~ 

8 7 b 5 4 

~ ... •.. . . --. . ........... . 

-1e 1t1 10 -10 10 t~ ·15.1-0-!~-~0-J~ .10 ia.Ja...l0.H..li.Jif.1a~Ia..lt~il..:J:-:.;:.;..: ... ~...;.,~~~:...:·:.;_~
s 7 0 5 4 

10 18 1i 18 18 18 18 10 18 18 10 10 18 18 18 18 18 1i 1i 18 10 18 1~ 10 q 
9 7 b 5 4 

10 10 13 10 1~ 10 1~ 10 1~·10 l0 1~ 10 !.0 10 10 1~ 10 10 1il u.HU~ lc ~ 
8 7 b 5 4 

1i 18 10 1i 1i 18 18 18 18 18 10 10 10 18 10 18 18 10 18 18 18 18 10 10 9 
e i o :. .; 

13 1e 10 10 10 10 !B 18 li 1e 10 10 1~ 10· 10 1a 10 1i 10 10 1~ 1a 1~ ·:~ 
8 ; b 5 4 . 

8 628. BOT-1 



. . .. ,. ::=-I -· . --. :. , . . -. . ... -~ ... . 'L • ::: --=;~ 

- . -. - -· -- "";:" - ::=~~ .. ·-· .. 
~ o:a.J ~ ~JC. .3 ~ .. 

;.~:l , 
~ ~~J. -- .~ - .. t'. L' --

::~I~ . : '"! --
• • 0,..\, I -- ... 

~ 4 o:a.e 1:~~- : .. ! -~ ' 
2 ~ 630.1! 1500. o:-:.a oJ 

'~ci. J . r:JJ. ' -- • < 

1 .. i 630.~ 15iliJ. o::.a 
1 ., 8 63ii.B lSilil. 627.0 .. 

? 9 63iU !~il~ .. _ ..... ~P.·L ... .... ~ 
" .. · .. . . -~···· -, ...... , ............ ~- •· .............. .., -···· .. 

1' . - ..... ::- .•...•. , r~ . ·-· d~0 ;t - ·""1-5~9;· ....... '*':'·;t' ··k.-·' ....... __.,., ...... ~ ............ --..... - •. -·--·· ., 11 630.8 !Sill. o2i.a .. 
1 2 12 638.i 1518. 627.8 
1 2 13 639.9 1508. 627.0 

"' 14 630.0 :l:·~B. . 62 7 .a . - .. -. 
1 ~ 15 63il.il lSiliL 4 021 .a l. 

1 2 16 63il.B i50il. 627.~ 
~ 1':' o3a.il 15113. . -~::.a . 

'-' 
.; ... 

' 1 2 15 638.0 1518. o27.il 
1 2 19 631.1 15111. 627.1 
1 2 21 638.1 1500. 627.il 
1 2 21 631.1 1510. 627.0 
1 2 . 22 631.1 1511. 627.1 
1 2 23 638.1 1588. 627.1 
l 

., 24 63il.i! 1sae. 627.0 ... 
1 2 25 0311.1 !Sill. 627.11 
1 2 26 6311.1 1511. 627.1 

2 2i 630.1 15itil. 627.1 
1 2 28 638.8 1588. . 627.1 
1 3 28 631.1 1581. 627.1 
1 4 28 630.1 1581. 627.1 

5 28 o31U 15118. &27.J 
6 28· 6311,1 1511. 627.8 
i 28 638.2 1511. 627.8 

~.,._.,. 1 8 29 038.3 1581. 62i.B 
1 9 28 631.4 1581. 627..1 
1 111 28 6311.5 15111. 627.1 
1 11 28 631.6 tsn. 627.8 

' 1 12 28 638.7 tsle. 627.8 
1 13 28 631.8 . 1511. 627.1 
1 14 29 638.9 1581. 627.1 
1 .. 

!J 28 631.1 15011. 627.11 
1 15 29 631.5 1511. 627.5 
1 15 31 632.1 1511. 628.il 
1 8 16 031.1 581. 628.1 
i 9 16 631.1 511. 628.1 
1 11 16 631.1 SH. 628.1 
1 11 16 031.1 SH. 628.1 
1 12 15 632.1 s•. 628.1 
1 12 14 632.1 511. 628.1 
1 ·13 13 632.1 511. b28.1 
1 13 12 632.8 5111. 625.0 
l 13 11 632.1 SH. 628.1 

-1 T-2 
-1 T-3 

--1 T-4 
-1 T·S 



: ... : . ~-.-

:~: 

1 
1 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1· 
1 
1 
1 
1 
1 
1 

.1 
1 
1 
1 
1 
1 
1 
1 

24 

24 
24 
24 

24 
24 
2' 
24 
24 
24 
Zl 
24 
24 
24 
24 
24 
2l 
24 
24 
24 
24 
24 
24 
24 

3 
4 
5 
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APPE~l>IX Y-2: 
Hand-Calculated Groundwater Model and ~[ass Balance 
Affect of Griffith Municipal Landfill orr Upper and Lower Aquifers Pag~ l 

Darcy's law, Q = -KiA was used to evaluate the groundwater flow l Q J in U1~ 

vicinity of the-Griffith Municipal Landfill. A mass balance method. 01 x Conq = 
02 x Conc2, was used in conjunction \vith the groundwater flow and ob~cn ed 
leachate quality, to evaluate the potential groundwater quality in the upper and 
lower aquifer in the vicinity of the landfill. 

Four components were identified in the groundwater flow in the upper and lower 
aquifer in the 'vicinity of the landfill. They are shown on the attached block 
diagram. 

QJ. Areal recharge across the landfill at:ea. t.hrough existing landfiJI 
cover/cap. - . . -, - -- -

Q2 Horizontal groundwater flow in the upper aquifer beneath· the 
landfill .. 

QJ · Vertical groundwater flow through the clay confining layer betWeen 
the upper and lower aquifers. 

Q4 Horizontal groundwater flow in the lower aquifer. 

The variables and calculations for each of the four flow components are shown in 
the attached table. The assignment of values for each of the variables was based on 
field observations and data. 

SELEcriON OF VARIABLES 
In accordance with Darcy's law Q = -KiA, the groundwater discharge (Q) in each 
flow component can be calculated from the field derived values. for each of the 
variables, hydraulic conductivity (K), hydraulic gradient (i), and cross-sectional 
aquifer area (A). (The minus sigD only indicates flow direction and therefore is not 
relevant to this analysis of flow volume.) · 

Flow Component Ot 
Ot represents the source of groundwater and leachate in the aquifer. Figure 4-21 
shows that the landfill area of concern is approximately 1000 feet by 1000 feet, 
between the 634 contour lines in the northwest and southeast, and the 635 contour 
line in the northeast. The groundWater flow is toward the landfill de-watering area, 
shown by the closed 625-foot contour line. Landfill contaminants were not detected 
in monitoring wells MW-1 and MW-15, indicating that the groundwater discharge is 
toward the northwest. The numerical modeling of the Site with the U.S.G.S. 
Modflow model (Appendix Y) showed that groundwater flow in the upper aquifer 
would still be toward the west, toward the creek, even if the de-wat~ring activities 

. are ceased at the Site. 

/ 

' 
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APPENDIX Y-2: 
Hand-Calculated Groundwater Model and Mass Balance 
Affect of Griffith lVlunicipal Landfill on Upper and Lower Aquifers Page 2 

· It is assumed that that no further covering or capping of the l,andfill is conducted. 
In this case, it is reasonable to assume that approximately 25 percent (1 foor) of the 
annual 48 inches of precipitation would infiltrate into the Jandfi11 to form 
groundwater and leachate. Assuming a 1000 by 1000 foot landfill area. this 
infiltration represents 1,000,000 cubic feet of water per year. Darcy's law can be 
inverted to test for reasonableness of this calculation. 

The only_unknown for the landfill is the K-value, so Darcy's law can be re-arranged 
in the form K = Q/iA The hydraulic gradient from the center of the .landfill 
(Figure 4-21) toward the west is 0.5 foot drop in 1000 feet (i = 0.(:)()(}5). The cross- ·.. . . 
sectional area, A = 14 x iOOO = 14,000 ft~. (Th~ bottom of the upper aquifer is at 
elevation of 620 feet msl and the water table· is -approximately .634 feet .. msJ). , .. _ ,. .._ 
Solving forK, yields a 'vilue' of 0.27 feet/min' (1.3x1Q-1 croisee}, \vllich 'is'ilof'ah' :-..... ... I .··-

unreasonable K-value for unconsolidated fill and trash. 
. : • •• I • ' ··.• • • ....... ·.. . ... . . -. .,, . ~ . . . _.; . ·' . . .. ' . . ... .. 

Flow Component 02 _ , . . . . . . . . 
Groundwater flow co~ne .. t 02 is equal to component Ot.- :,':(be discharge is 
currently to th~ landfill de-watering area. If de-watering is ~~~~ued, it would 
be to the creek which now flows past the west side of th~ landfill._ . :. _ 

Flow Component Q3 
The hydraulic conductivity of the clay confining liyer is knOwn froD!.labo(atory··. · 

· _t~s~ on. several sampl~ ~ollected during the. field investigatjon_~.:,J\.e f~~u.l~~~!~- · _ 
summ~zed on _Ta9Ie 4-7. ·~ aver~ge value IS K • ~8xt<r.8,_~~ ."'J:J~ verti~l _. :· . 

· hydraulic gradie~t-:acr~ the clay confining layer varies ~m.tl{J¥.~.:fF-9:SS:l:~'~i!e,_·~:. 
b\lt ·generally is ·in the: range ·of unity (i = 1) (see- Table :4-6);~The·seepage w6uld:;-· ; 
occur across ihe landfill. area of concern, .1000 by 1000 fee~ ,S() :.~ =. 1,000,000 ' 
square feet. · · · · 

Flow Component 04 .. 
Groundwater flow _·in the lower , aquifer. can be calculated ~from the-· fi~ld ... . 
mea5urements of h7draulic conductivity and hydraulic gradiep:~. :.-S~ug t~.sts at _four; . -
lq..yer aquifer. monp.oring wells indicated an average hydraulic, c»hdU:c9vity .9f K. • : .. ·. 
4.4xtQ-2 ft/min 'fa~ upper part of the lQwer aquifer (Section_4.5.33)~- Water levels:·; : · 
were measured at: the lower aquifer monitoring wells on thr~e. sepa;rate· d.ates and · . 
th~ hydraulic conductivity was c:Onsistendy i - 0.00063 (Figur~ +~ ~23, a.nd 4- . ~ · 

_ .23A). The. wid~ of_· the _~ct.e4 aqu,ifer was~~~- to ~:,.tQSJ?]~J~::lJ_W,~ ·:.~~- , 
assumed that ~··leakage through the clay col)firiing la~r w.&\l'lcf~~~erse -.·. 
into the upper 20 ·feet of the lower aquifer. Theref~re, A ~ ~()9(l.X 20 feet_~- . ·~ • 

20,00lleeL :. i J:~~t"' (;'':' ~~"):·~·; 
'. , ~ •. . I 

. ~.~·.'~ -;::·: ~.. .. ~ ..... ~ . ' ' ·' ' • .... 

. ..... 7··:·,·:~·!= ·, ';. 
,_ 

7 ' ' 
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Affect of Griffith Municipal Landfill on Upper and Lo\s.·er Aquifers Page .3 

The calculations of ·'~r·S~ndwater flow are. summadftd on the first page of the 
attached table. 

POTENTIAL CONTAMIN.Ai'iT LOADING -
The landfill leachate is the source of potential contamination. Several VOCs were 
detected in the leachate sampling results. Benzene. detected in each of the leachate 
wells, is the compound of potentiar concern. The results are tabulated in 
Appendices Q-1 and R-1. It is reasonable to as~ume that the impact to the upper 
and lower aquifer would result from the average leachate concentration detec~ed in · 
the landfill; which is 4.5 ug/L for benzene. 

This concentration of benzene was ·used with. the groundwater flow volumes to 
calculate the contaminant loading to the upper aquifer, surface water; and. lower 
aquifer in the vicinity of the land~ll. The results .are summarized on the second 
page of the attached table. 

; 

[c:cf-600-91fj 
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Groundwater Flow and Mass Balance Calculation 

Mass balance calculation of potential impacts to upper and lower aquifer 

from Griffith Mun1cipal Landf:;r Leachate. 

I 

01 = Areal Recharge across landfill area (annual infiltrating precipitation) 
02 = Upper Aquifer horizontal Discharge to de-watering area 
03 = Leakage from upper to ·rower Aquifer 
04 = Lower Aquifer Discharge to the north. 

Q 1 = Landfill Area x Infiltrating Precipitation 

Area = 1 ,000,000 SQ ft 
Infiltration = 1 ft/yr 

{1 000 X 1000 ft) 
- -t. : •••••. • .•,. ... .- ..... ' 

0.1 = 1 ,000,000 cu ft/yr 

02 = KiA 02 ,. 01 
K = Q2/iA 

02 = 1 ,000,000 cu ft/yr 
i -= 0.0005 ft/ft 

=====A=========14=·=00=0===sq=·=ft=== I 14 x 1 000 ttl 
K = 143,000 ft/yr 

2. 7E-1 ft/min 

Q3 = K'iA K' = K/thickness Thickness = 10ft 

04 = KiA 

K' = 4.8E-8 em/sec 
5.0E-2 ft/yr 

i - 1 ft/ft 
A = .1,000,000 sq ft (1000 x 1000 ft) 

03 = 50,000 cu ft/yr 

I< = 4.40E-02 ft/min 
23,000 ft/yr 

. i - 0.00063 ft/ft 
____ A_-__ -.,.2,.o ... oo .. o....,...tt.._ __ 120 x 1 ooo tt) 

04 =- 290,000 cu ft/yr 

Page 1 



Groundwater F!ow and Mass Balance Calculation 

Mass Balance 

Upper Aguifer 
At the present time, 01, the groundwater leachate flowing b~neath the landfill, dis.:harges 
to the landfill de-watering area. At the present time, 02 is the discharge into the landfill 
de-watering area. As such it is disposed of by the City of Griffith and not released to the 

environment. 

It cannot be assumed that landfill de-watering will continue indefinitely into the future. 
Numerical modeling of the upper aquifer shows that if de-water is discontinued, the 
groundwater/leachate flowing from the landfill 101) will discharge~ exclusively ·to the creek· 
located to the west of the current de-watering area. will discharge to the creek which is 
currently to the west of the landfill de-watering area. 

. ... · ... 
In the future, it can be assumed that 02, dicharge along the creek will be equal from both 
sides of th.e creek. Therefore, <l1 will be equal to one-half of 02. This does not consider 
further dilution which would occur by the water already flowing down the stream from 
upstream. 

Mass Balance CalCulation 
01 x Conc1 • 02 x Conc2 

Conc2 .. (01 x Conc1 )/02 

01 -
Conc1 • 

02 = 2•01 = 
Conc2 = 

Lower Aguifer 

1,000,000 cu ft/yr 
4.5 ugll 

~.000,000 cu ft/yr 

2.3 ug/l 

03 x Conc3 .. 04 x Conc4 
Conc4 • (03 x ·conc3U04 

03 = 
Conc3 = 

04-

Conc4 • 

50,000 cu ft/yr 
4.5 ug/L 

290000 cu ftlyr 

0.78 ug/L 

Leachate Analvtical Results 
Leachate w,u Benzene cone. 

LW-1 5.0 uq/1 
LW-2 2.0 ug/t 
LW-3 5.0 ug/1 
LW-4 , 6.0· ug/1 

Average: 4.5 ug/1 

Page 2 
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I 
SCREENING MFl'JIOD FOR ESTIMATING INRALATION EXPOSURE TO VOLA'IUE 
CHEMICALS FROM DOMESTIC WATER 

1. Introduction 

The toUowmc clUc:us.ston has been developed to provide a sc:reenillc method ter 
estimating the tndoor air conc:entratiOJls of volatlle chemic:als trom IDdoor water uses and the 
resultin& human blhalation exposures, 'With an emphasis on showen. A computerized mndel 
titled MA VRIQ (Model for ADalysis of Volatiles and Residential Indoor-Air Quality), which 
is under developmeut, may also bf used to .rdlae the exposure estimates since it more 
accurately accounts for human behavioral and water use patterns. 

This proced.ure evolved ttom reaeardl c~:Gne by JuJlu ADdelmaD at the U.Q.iverstity of 
Pittsburz under funding· from the Expsoure Assessment Group at US EPA ill Washington~ 
DC. The references pven provide a more det8iled desaiption of. these prOcedures and related 
work. 

In order to determlllc the stpffleance of the iDhalatloD pathway the ratio or the vapor . 
tnbalatlon exposure to the water iDpstioa exposure Cllll be calculated. Udllg HeD.l')"s Law 
Coustant to obtain the equWbrJum CODCeDtratioD blair, aad sealq a nllo of < 0.1 as 
criteria, the equation caD be derived as follmr. 

·max lnhalgJigg amsm < 0.1 
water inpstion sposure 

II ~ I £2o.ooo Udw . < 0.1 
C,. X (l IJday) 

H<l~ 

Where C. = commtnant COnc:eDtratlolllll watw (JDI/L) 
· B = BeaJTs Law Constut (1Diitlcas) 

(1) 

(l) 

(3) 

The. uDitless ~eney'a Law Coutant c:a be caleulated bJ uiq the toUowiq equadon. 

H = B!{Kf 

Where B' = Hemrs Law Ccmstut m atm-m!Jmol 
R • ps c:oastant Ill atm·m'hnol ex 
T = temperatul'e Ill OX. 

1 
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Assuming a typical water temperature 'in a shower scenario or 40°C, RT is 2.6 x 10·= atm
m3/mol. 
Equation (3) suegests that for compounds with Henry's Law Constants of < lO..s, the 
inhalation exposure would not "exceed ingestion ud is probably much less, therefore the 
inhalation pathway may not be nt concern when compared to ingestion. Caution should be 
used when applying this criterion. If the ingestion exposure is significant, the inhalation 
cxposun, although. orders of mapitude less, may also be signifiCU.t when considered 
separately. · 

3. Showeri.u& Exposure 

The deriYations and assumptions of the equations used to estimate exposure through 
the showering scenario arc included in Appendix 1. · · · 

The exposure equation below ac:c:ounts for the exposure during the showering dme and · 
the exposure during the period subsequent to the shower where there is a· decay of the 
cltemical concentration. · · · · -.....1 

VVhere: P1 = exposure [me] 
CaAVGt ;;; 8Ter&p air CODceDtradon during shower [m&JL] 
G: .... vu2 • averap air c:oncentradon after shower [mgiL] 

· B • breathiDI rate [IJhr] 
~ =shower period [hr] 
~ = after shower period [hr] 

(4) 

CaAvo1 and ~va1 are estimated usins equations (5) and (6) and· (7) below. 

(5) 

(6) 

(7) 

Where: CL\CAX = maximum air eoncenttation in batbrnom [mg/L] 
C. • water CODc:elltradon [m~I 
r - traction wlatiUzatlon [ unitless] 
F. = water now rate [llhr] 
v" =bathroom size [LJ 

. . 

Default values for the variables In these equadOJU are tabulated ID. table 1. · 

Using equations (4) through· (7) and the average or most probable values from Table 1, o~e 

2 
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can estimate the exposure during showering. 

-· 

3 



Example: 
Assum1)tions 

t = .75 
Fw = 600 Llbr 
tl = 0.08 hr 
t:. = O.l hr 
V, = 10,000 L 

CaMAX ;a k (0.75)(600IJhr)(0.08 hr) 
(10,000 L) 

= 3.6 X 10"3 C. 

C...,vG : 1.8 X 10.3 C., 

------ -~~~---

Et= 1.8 x 10"' C,.(833Uhr)(0.08hr) + 3.6 :x 10"3 C.(8331./hr)(0.2hr) . 
- 0.72(L) c. 

/ 

4 
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TABLE 1 

Variable Value or Range Reference 

Fraction 
Volatilization (f) 

WaterFlow · 
Rate (F..,) [I.Jhr] 

0.5 • 0.9 (typical•0.75) 1 

Sh~ Period (ts) [hr] 0.08- 0.3 (mean•0.08) 2 

After Shower 
Period(~ 

0.2 (typical) 1 

Bathroom size {VJ [L] 8,300 - 9,800 

Breath1Dg Rate (B) [llhr] 833 (20m'/day) 

3 

4 

1. Andelman, J., Total Exposure to Volatile Organic Compounds in Potable Water, Chapter 
20, Sipiflcanee and Treatment otVoladle Organic Compounds iD Water Supplies 

l. U.S. Department oC Housing and Urban Development, Residential Water Conservation . 
Projects, March 1984, Contract B-5230 

3. Giardino NJ, Gumerman E, Andelman JB, Wilkes CR, Small M.T, Bon"ll%0 JE, Davidson 
CI (1990), Real-Time Alr Measurements otTrlc:hluroethylene ill Domestic Bathrooms usin& 
·contaminated Water 

4. U.S. EPA Factors Handbook 

5 
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4. "llole House Exposure 

Similarly, a one-compartment indoor-air model may be used to describe the range uf 
average indoor-air concentrations that are likely to be encountered from a volatile organic 
chemicaL The equation does not address the time and space variations that will be 
encountered throupout the d·ay in the home. The exposure estimates obtained using the uir 
concentrations from equation (8) do not include those that would occur at the point of water 
use, such as during ;howeriq. . . . .. . . .. . . .. .. . . ... ·- -· . . . . - . .. - .. 

'Ibe air concentration can be estimated by using the equation below. 

c~ = WBF c..r 
HV ERMC 

where; c~ = concentration in air (mgjm3) 

C.,. = concentration in water (m~L) 

(8) 

WFH • water flow rate in whole house (Uday) 
HV • house 'YOlume (m3

) 

ER = ·achauge rate (air chan&es/day) 
MC • mbina coeflident (unitless) 
f = traction or contaminant that volatilizes (unftless) 

Table l shows a Ust ot the ran:es of values that these variables can take. An example 
or the usc of equation (8)- is presented below. 

As111111ptioDS 

WFB • 713 {IJday) 
HV = 177.7 (m') . 
ER = 13.7- 58.8 (air chances/day) 
MC = 0.15 - 1.0 (unitless) 
t = 0.5 -1.0 (unidess) 

(9) 

6 



Variable Value or RAnge 

Water Flow 
RD.te (WFH) [L'day] 7l3 (typical) 

Bouse .. · ··· ··· ··· 

Vol.We (HV) [m31 

Exchaa1e Rate (ER) 

. . .. -~ . ' .. -· .... ., . . ....... . 

177.7 (typical'?) 

[ail' chan1es/day] 13.7 - 58.8 

Exchance Rate (Ell) 
[air changes/day] 21.6- 84.0 

MixinJ Coemdent (MC) 

TABLEl 

Reference 

1 

. ...... _ ............... . ___ ,..,_ ... _..,. .... -··-· .................................. -- ..... -... · .. 

3 

4 

(unitless) o.ts • 1.0 5 

Fraction 
Volatilization (f) 
[W1itless] 0.!- 1.0 .6 

/ 

1. U.S. Department of BousiDa and Urban Deftlopment (1984) Residential Water 
Conservation Projec:ts 

2. Axley J (.1.988) Progress Toward a General Aaalytlca.l MethOd for Predictina Indoor Air 
'-' Pnlludon ill BuJldlugs; Indoor Air QuaUty ModeUnc Phase m Report. NBSIR 88-3814 

3. Grimsrud D.T., Shermau M.B., llld SoadC'l'CIIcr R.C. (1982) Calc:ulatfn1 fnft1tration: 
Implications for a Construction QuaU'l)' StaadarcL Proc:CediD1s - ASBRAFJDEO Conf'erence 
on Thermal Pertoimuce of the Exterior EDYelopes ot Butldl11p, Las Veps, NV, Lawrence 
Berkeley Laboratory_Report, LBL-,..16. (refers to new houses) 

" 
4. ASBRAE (1,85) Natllral VaUiaUoa and Intlltratlml. ASHRAE Fundamentals 
B84dbook, Chapter ll, ASBRAE Inc., AdaDta, GA. (refers to olclcr houses) 

S. U.S. EPA (1987); Ezposure to VolatWaerl DriJI1clq Water Coatamtnallts Via Inhalation • 
Importa~~ee Relative to Iqestio.a; Omce oCDrilllduc Water, Criteria ud Standards Division, 

Health l'.lrec:tl Braacb. 

6. Cantor, K.P., Christman R.F., Ram, N.M., Si&niGcanc:e and Treatment of Volatile Organic 

7 
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Compounds in Water Supplies; Chapter 20. Total Exposure to Volatile Organic Compounds 
in Potable 'Vater; Julian B. Andelman · 

Note: The ranges represent the average value and the maximum value. For the range 
presented in reference #4, the first Yalue represents the median. Values presented for mixing 

-- ....... 

coefficients ue based on judgment. ' · 
- .... ·~-· . .:··~.-....... ·-·-··~· ~·····-·-· ... ,. .. ····-·· __ ..... "' ...... .,._ .. _:-........ -.. -............ ...,.,._....,..._ .. ,...,...-: ........ .,;_ . ..,..,. ..... _ ..... ---,-···--····· 

8 



I: 

I. 

~::f······ . 

•••• -"""' ···. 

Appendix A.: Derivation of Equations 

.. ·-.- ~' r - ..... ,-. .. ':•'----• _.. • ..,.. 
.•. ~,. ............. _ ................ ~ ........................... tl/l.l•·:"'._""f'/J,.,~~ ... ~··~-..... ·,..-.. -- ....... ~ ................. ..: ...... ·--·--···· ... ~-·-· .................... ..z.-••• 

H•tnre Ot yoiatilization P;octss 

To assess the potential tor VOC'a to volatilize %r011 vatar 

used indoors, it is u.etul to consider the equilibrium and rate 

processes involved. The relevant ralationabip dascribinq the 

volatilization ot a che~cal and ita aUb .. quent equilibrium 

betwean tha air and vate;o pha- .is Ben%Y'• law 

H • C./C.. ( l.) 

whue H is th• cliJianaionl .. s Henry's law consunt, and c. and C:. 

-·~ ·a (maaa;voluae) are the concentrations of the volatilized chaic:.l 

in the air and water phuu, respectively, at equilibriua. 

I 
I 
I 

__ , 

Table !5 is a list of B constants at 2!5 •c for awenl 

ol"C)anic cbaicala of enviraaental concan, alollCJ vith their 

vapor pressures an4 solubilities, the valuu aing approxiaate, 

_either calculated or taken directly troa the co.pilation by 

Mackay ancl Shiu ( 19] • The I .corwt~ta shown then ecoapau a 

' 

------------------- .. ··-·····- ----··· 



ranqe greater than five orc!ers of magnitude. Their v~por 

pressures and water solubilities are also quite different. SL~ce 

-., ....... the· ~ii. vll:l.ues-·are·-~;-naicted -~tairly···wel;l···.by-the···ratio ·-of· ~the-.vapor-.- .... _ .. 

pressure of the pure material to its aqueous solubility, 

~ompounds such as carbon tetrachloride and tetrachloroethylene, . , . 

with quite different solubilities and vapor pressures, cin 

nevertheless have -similar B valuea. Also it is aasential to 
. .· -...I 

recoqnize that even • low vapo~-pr•aaure .cm..ical, by virtue of 

its low ~olubility in v•tar, has the potential to volatilize to 

the same extant as a hiqh vapor-pressur- ch-ical. 

The maximwa extant to which • chaical Ja&Y ~ expected to 
I 

volatilize in the home fro• indoor vatu u.ea can be estimated by 

·conaiderin9 the average quanti~iaa of water used within a home, 

F. (L/h), alon; with typical ai% flow or ~filtration rates P. 

(L/h). For a taaily of .four a typical ratio of P./P. may be 

taken aa 10• ( 4] • The ratio of .... _ of volatilized. chadc:als._; 

r, in the two phases ia 9iven by 

r • (C./C.) (V .JV.) 

where v. and v. are the quantiti- of air and vat•~, 

respactiv•ly, uaect in a given period of tiM in 'the b.o•· 

. (2) 

In the steady-si:ate one can aaauae that. VJV. equ.al.a l.J ... , and j 

r~ is th8 ..XiliWI ~ctecl. value :ro~ r When CJC., equal• B, auc:h :j 
tbat -~~ 

.-,1 
·A 

(3) ;j 
~ 

..... 
. ·• r 
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This in4icat .. that in the steady-state, as water is used within 
' .• 1 • 

t~e typical home and air in!iltr~tes th:ouqh it, tor a ~~emical 

. ~- .. ~!~ ~!:!'_.!! ... !..~~~.!.~~.~~~~-!~ ..!~~~!.~.~~ ... !-!,~~:r..!-~:.-~~--=~·-~- .. ---.. -* ... 
volatilization will occur. Since all the ·ehaaicals· in Table 5 

have B valu .. C)%eatar than -1o·•, in -cb ca1e, ow.U.irici Rena's 

lJW equiiibrium is attained, one would expact aubetantial 

volatilization to occur in the ha.a troa normal uaea ot 

contallinatad water •• it is expo-d to the inc:loor air. 

'l'he B con•tant will increase with tGp.rature. KUftz anc1 

Roberti [ 20] · shoved that for sevenl volatile Ol"CJanic «:h-icals 

the taperature effect is given by· 

log H • A' - B'/T (4) 

· where A' and 8' are conatant1 ~r -= cbnical, aDd T ia 

abwolute temperature~ Por ·c:hlorofora Qa MASUZ"ad A' anc1 B' 

and tor 

carbcft tetrachloride, 5.853 and 1711, re•pectively, the 

maall\\%'wnta beinq taken ovez: t.ha ran.;• o~ 10 to 30 •c. !'or 

example,· uainq thi• equation for dllorofom, the 8 valu .. are 

0.01' and 0.19 at 10 •c: and 30 •c, ZOMpaativaly, fta coaparable 

values for carbon tetracbloride.arw·O.tOI and 1.52. Thus the 

maximm ext.nt of volatilizaticm. tbat can oocur vill·incraase 

mar~y with ~nperature. 

AI diacu.lled :by Kac:Jray and YeuD [21), 1:l!ae nta ot 

volatiliza~ion of • dh .. ical froa water· ia depead*b~ on its 

molecular-4iftusivity properties. Otten a tvo-r .. istance model 

'. 
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is uaed to de•cribe _the procaaa in which the volatilizinq 

chemical haa to first di!tuse across a liquid fil2 at the air 

.... _. ___ , .... ..-.~ ... ~!:~-~!-~~~~~~~ ~ .... !~!~2~!..~.~-Y -~~.~!!~~-~~~!.-~u-l;._.$ ... 1~-~-... ~-.. '"' __.. 

Mackay and Yeun measured volatilization rates in a wind wave tank 

tor 11 organic coapounds with varying· Benry'a lav constants. 

They contiraad the validity ot the twc-reaistance model, and_ 

showed the ettect• ot aolute clittusivity ~ temperature. The 

cheaicala atud.iecl included aeveral halogenated VOC'a, ·_includi~ 

cbloro~enzana, carbon tetra~lorida, 1,2-dib~oaoethane, a~ 1,2-

clichloZ"Op:t"Opana, aa well a• baaaena aDd tol uena, and several. 

ketones and·alcohola. They shoved that no interaction. occur 

when aolutes volatilize simultaneously,: and concluded that the 

· mass-tr~fer rata vaa pred.oainantly liqui4-pbua Haistant tor 

many o'f th-• Ch•icala. 

The tvo-reaiatanc::e aoclal .xpruain9 the u.sa flux, r. 

(mol/•2
•), can be written •• 

. F. • lt(C. -• C./B) 

·~ 

.j 
; 
:! 

~ 
where X is the overall, two-raaiatanca ... a-tranafar ccefficient 

'i 

(ll/S), c. ia the ~lute concentration ·in air (J~Dl/m3) an4 c. that- -'~ 
\ ·-

in water. The ov.~all ••• truwfer i• a prodUct of the flux and.> 
the aurfac. •~ axpoaec!, •o that, tor exaaple, 1111&11 droplets in[· . . 
a ab.ower with a gTeater aurtac:e area would JM expectac! to have a -i 

' grea~er rata or _vol.a'tilization per \m~t t!Jie tbaD would the •ae· ·~;. 
' 

mass ot larger dropl•t. vith a lover .urtace araaf ... • ratio. 
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Mackay and Yeun concluded that the mass-transfer cce!ficien~ 

in either the liquid or qas phase.waa mo•t likely dependent on 

th~ Schmidt number, sc, which is the dimensionless ratio of 

J ·· · · __ , ····-·-:;i;~~~-i·t-;i·(a;~;t ;y~~;-cti;r;~i;it;;: ... r;;·¥ti-;-z.•-;;;c;i.;;-l'~~:--·-'rh-e -----

.. J 
-

~I 
\...I 

I 
.I 
•• 
I 
1 

\,... 

I 
I 
I 

• 
I 
I 
I 

two-resistance model describes the X in ter.as of liquid and gas 

phase transfer coefficienta, Kt and ~' respectively, such that 

1/X • l/Jt + l/BJO (6} 

'I'hey showed that tor their data ~ vas proportional to 3. 41xl0-3 

Sc:t. -o. ' 1 Vbile JG ·v·• proportional to 4 • t2X10-2 SC:. -o.l7. 'l'he SCQ and 

· scL values tor the 12 coJIPOWl48 did not ditter vreatly, ranqinq 

from 0.72-1.07 tor sec, and 939-1177 tors~ at 20 •e. scwever, 

the H valuea varied considerably by al~t faur orders of 

magnitude. !'or the smallest H•value ccmpound, 1-butanol, the Ko 

term. d01linatec.t to estal)lisb tb.e overall lt, While for the hi9h H

value c:oapounds like benaene and car~n tetrachloride, liquid

film trans~ar vas the doainant rata-c:ant.rollim; -:tap; tbe 1/S:X., 

term beinq naqliqible in 'lquation 1. 'lbe GVU"all ... a-transfer 

ccetficienta maasured v.re thua quite different at these two 

extr-a. Por exJt1JPle, the rat.io of .aaa-traDSrer coefficient• 

tor bcu:ena to that of 1-butanol varied tram. 14 ·to 20. In 

contrast, ror those coapouncls w~• It, c!oainated, the 1t valuu 

did not vary web·, •• expected, since their ser. value• vue qQite 

similar, an4 H no lang~ played a aignifioant ~l• iD d.tar.aininq 
. ~ 

. ' 

x. Thus, in one auiu of· d.t•Z'JIJ.naticma of --uarsster 
coefficients, Mackay and Ye~ ••asured tt values of Sl.l, 51.1, . 
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and 45.3 (101 m;s), respectively, for benzene, carbon 

tetrachloride, and 1,2-d~bromoethan~, their. s~ values beinq 

1021, 1062, and 1075, respectively • 
. .... J., - ..... _ ....... ~-~~ ................. _ ... '!' ....... ~ ... ,._ ....... ~~ ... ; .. .-~ ............ '\.·.._..~_.,..,., ... ., •• II"\''M' ......... ~p ....... ..,,....,.,...... ........... ~.........., ..... .,.._..~.....,M,............,..~·~-·"'· 

This analysis indicatea that cne ahoul4 be able to compare 

and predict the K values among campounda baaed on fundamental 

molectilar prcpertie• and H values, to the extent that this two

resistance model appliee to the volatilization fro• indoor water 

uses. They obserVed that the uae cf the Xt. dependency on S<=t,-0
·' \.,/ 

- . 
predicts a 2.at tamp•rature incr•••• in X per degr ... 

Bquation 5 for the .. sa•tranater or flux at the water air

interface predicts that when the air concentration, c., is 

neqliqibla, JLeanincJ a -ll buildup of c=-ical in the rec:eivinq 

~ir, than the rate of mass tran•t•r 1• direotly proportional to 

· the conceatration of volatiliainv c:bemic:al ;ln the va~. This 

is of importance in that one caul.d th.n t~Xtrapolate the percent 

volatilization at a hiqh concentration in the fea4 water to 
predict the same tractional volatiliaation at a low-feed 

concentration. At the •- till•, · even if the buildup in the air 

did occur, boW..,er, and its ·zo.aaval were firat ord.er in 

c:onc::entra-tion, one could still extrapolate to the lower feecl 

concentration. 

._..,. 

•a",;. 

. . ~ . .... 
Thera ia independent evic1ence in luarat:o~ •tudiea ~t the ·i~ 

··-:t 
mass-t~~r·~ coefficient may be rNIIOIUi.bly ~taDt over •averal.·-"~j 

. ·"l 
orde~• at ugnitude of coacentratian [22). J'OJ: 1,2-

diehloroethane in the ranqe of 1 g/L to 10 UCJ/L the coefficient 

. ;:~ ·:--. ···-

·. ::~ 
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ot variation ct mass-transfer ecetticient was touna to be ± 

~~~ 6.31%: tor 1,1,1-tri~hloroathane ~twas± 5.42% over a range of 

-.. ·· • · · -.... · ... , .. -~c:!.~C:,~~!~~ ... ~! . .9-~.'!!_9/J..A.!2 . .1,!_l!_~/~: ... ___ .. , ..... ..-.-------.--.-,......... 

--~ 
_,. .. 
-.P': 
~~ 
.~ 
~ 
~ 
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In Sumllary,. ~e H constant will .limit the maximum 
volatilization that can occur in in4oor vat.ar uaaa. Bovever, 

except for a few still-water ayatema in the home, such as water 
. ' 

in a toilet bow~, many water uses are fioving or are of abort-

term duration in Wbich the rate of volatilization will be 

limiting and equilibriua not reached. In thoaa instances the 

maas-trans£er coefficient. becoae the principal controlling 

factor tor the relative releases of different volatile and aeai-

vola~ile chemicala. J:ven here, however, the B. constant ia of 
- . 

iapottance in that it will infl~enca 'the .. gnitude of the uaa-

transfer coefficient, aa well as the extent to vhicm the flux for 

volatilization at the water-air interface will ba reduced as the 

air concentration builds up. 

Finally, the water-air interfacial araas and temperatures of 

the water us .. are critical dete~ninq factora in the rata of 

mass trana:ter7 and certainly the H contrtant. will ·iDc:::zoaaae with, 

taparatue u well. Thus, one ce expect that •iDee the various 

indoor water uaea involve different qgantiti .. and flowa of 

water, r~sic!ence tiau in the wa't" applJ.ance. ancl u-, d.,r••• 

of mixing aDd t:unulance, aftcs 1:-Peratuna, the~ of 
\ . ' 

vola~iliza1:1on aaonq the water usea, even tor·a qivan chaaical, 
' 

shoulcl var:y. 



Value• 'tor ~ransfer efficiencies among water uses in a 
- ·~·• ........ -....-.. ................... --•"""............,..,.~.-. ......... ~·,....•w::e~..._.._ •• --.-*-·--1"·•-· . ··-·· ..... ••-J•qpical·'n0iia"have-beeri''C1etermined for radon 'by Prichard and 

Cassell [10]. ·As shown in Table 6, the transfer efficiencies 
• 

(percent volatilization) were found to vary from 30 to 9.0t alllong 

the water uses, the volume use-weighted mean being about sot. 

Laborato;:y ShQDr Jxptrimtnt.J 
'\ 

We bave performed atudiea on volatilisation ot chemicals 

from laboratory and t~l-size shover and bath systems in which 

ch8Jilicala have been added t:o the water (3-8]. In our typical 

laboratory shower experiaent~ with ehlorofora ahown in Fiqure l 

(23], the ·concentration of ~e chemical in tha air pUlllped from 

the chamber i• ••asured continuously •• tba shower watar flows, 

and continues to be measured after tha·ch .. ical injection is 

terminated, but.with the shower still flowinq. The peak 

concentrations shewn in Figura 1 occur shortly atter terminating 

the inj ecticn of chnical. In theae etudiea ·we have also 

monitored the drainwater leavinq the ahowar cba•her for masa- , 

bal~nce purpoaea. 

Por this .ya'l:a the equation d.escribiilcJ the rate ot c:hanqe 

ot air ctmeentntian, c. (J19/L), can be expruaad as [6] 

v. (dC:Jdt) • k(C:. - C./H) - r.c. (7J 

where V. (L) is tbe :volume of tha shover chuber, C. (JDCJ/L) · the 

concentration of the chemical in the feed water, r. (Ltmin) the 

air flew rate through the chamber, and k (L/Din) the 
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volatilizatior. ~ass-transr~r coeffi=ient. w~en ~~e fee~ 

becomes zero and Equation 7 reduces to 
v.{dC./dt) ... -r.c. (S) 

the inteqrated form being 

ln Ca • ln Ct.IWtUAL - (F .{V.) t (9) 

As expressed by Equa~ion 7, we find that the volatilization 

source term k(C:, - C./H) does indeed reduce eignitic:antly vith 

time as c. increases. For example, in tbe experiment vi th a 

chloroform teed of 1.84 mq/L shown in Figure 1, at 10, 30, and 50 

min, the instantaneous tra~tional rate ot volatilization, ~. waa 

o.a2, 0.70, and 0.&2, respectively. Thia is eoneiatent with our 

'experimental observation that the C./C. ratio for air and water 

leaving the chamber was found to be lass than the H value for 

v chloroform, but that the latter value of about o·.l:S was qradually 

approached durinq the shower experiment [23], thus qradually 

inhibitinq the volatilization rate. 

We have also found in our experiments with both ehlorotorm 

and trichloroethylene (TCE) , that durinq the decay period 
• ( tollowinq the terlllination of the ch-i cal in the shover feed) 

. . ~· 

·significant quantities ot the volatilized chemical in the showar 
;~ . . . 

c:bamber air red.iasol vea in the flOVincJ · water, aa M&sured in tha . 

drainvater. Thus, Equations 8 and g are not quite accurate, 
I 

since there is this additional 4ecay rou~e. 
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As shown in Figure 1 for c·hloro!orm, as expected :.he air 

concantration due to volatiliza~ion increa&es with tamperature 

and concentration of the feed wa1:er in the shower experiments . 
.. "~~ -·· ... '"' ........ ""'~-: ..... "-.__. .... ~ .......... ....,..., ... .,.,..,_ ....... ___..,._ ...... ~-·-._~-................ ,._.,.._.. ~ 

Also as expected, ve have found tnat1ner~secr-alr·~rcrw....,techrcirs---.. - ....... 

the concentration ot volatilized chemical in the chamber air and 

at the ·same time increases the rate of volatilization, since the 

rate of approach to Henry's law equilibriua is _reduced. Rates or 

volatilization for chloroform and TCE ranged tro~ abOut 50 to 

90t, dependinq on ~emperature and-other shower conditions, with 

chloroform volatilization typically lower than that for TCZ. 

Modeling Showsr And Wbole House lxgosur•• 

One can estimate the shower a~d whole house axposures by_the 

use of simple, one-compartment aodelinq. Por example, 

intaqratinq Equation 7 and assuming that CJH is negliqible . 
compared to C., one obtains an expression far the change in c. 

with time in a chamber 

ln (l - C.F./kC,.) • - (FjV.) t (10) 

The asa~tion that C./H is neqliqible t.pli•s that the r•t• of 

volatilization in the shower is cona'tant. In that ease· it can l::le 

shown that lt equals f'P., where f is the fracti~n of chemical that 

volatiliz.es from the. teedvater whose flow rate -1• F. (V/t). 

Althouqh, as noted above there ia a gradual decrease in : values 

with time 4urinq the ahover exper~enu, this will not 

sUbstantially affect the estimated average values of c. that will 



be used to calcula~e exposures. ~sing tquation lO one can 

calculate the maximum air concentration-that will be ac~ievea in 

a one-compartment shower or . bath. . For small values of ( F .JV .) t 

· ·· ~· . .,- -.~ .. tthe··n~ tucSa-o·r .. Vhleh-wnl-·b'e"·~oii'i!'aerem"Ow),"tq\ia€l"'n · io------·--
reduces to a simple linear torm 

c. • ktc../V. ( ll) 

Thus, after a given shower period, t, thia ia also the maximum 

concentration, c~, 

C.tta • .ktc.tV. ( 12) 

Also, the avaraqe concentration, c_.11;, would 'be CJHA112 since c. 

increases linearly with time 

(13) 

For the purpose of estimating possible shower exposures, it 

will be assumed that the concentrations during the shover period 

itself, as well as aubaequantly while a person remains in the 

bathroo•, will a• tha saaa in the shower and bathroom. In tact, 

our ••aaurementa in • tull-siae snavar ahov that there is indeeQ 
/ 

a c1itterenca batvaan th• tvo, and that. 'the system shoulci be '!lore 

appropriately ~eated u a tvo-c~arta.nt syata { 24] • For 

precise lllOdeling ot the axposuras ,, .this clifferenc• ahoulc! be 

consider-s,. bUt as an approxiaatiOI,l it will· be neglect.C ~ere. 

s~•equ•nt to the ahoverinq ~riocl , there vill l:Ja a decay of 

'the air concentration• iD the batbrooa ctua to no:aal uehanqe of 
\ 

air. DUrin~ tbie perio4 the person in the b&tbroo• will continue 

to be exposed to the volatilized cbeaicals in ~ air. The decay 



ot c, is represented by 

ln . (C./CJHAX) - - (F ./V,) t . (14) 

.J For small values of· (F./V.)t this equation linearizes to 
-~ .... --.---- -··- ..... -· ... __ fltl ...... .,.,_ .... - ............................ ,.-•• ,.--...~._._.#lo ........................ --. ........ _,. . .....,......~ ....... ~ ............................... .lt ............................. "'~-. ..... - .......... -

c, = CIHA% (1 - (F./V.)t] . 0 • • • • • • • • • 
0 

• (15) 

The average concentration durinq this period, C~~, is 

c~~ = ·cc. + _caMAX) 12 · (16) 

Combining Equations 15 and 16, one obtains 

C~va = C~t1AX [ 1 - F • t/ ( 2V .) ) (17~ 

In many cases, the F.t/(2V.) term in Equation 17 is likely to be 

substant~ally smaller than unity, so that as an approximation 
\ 

durinq the 4ecay period one can assu.a that c~~ • c~, at laaat 

for the purposes of estimating the magnitude ot inhalation 

.e~osures. 

One can use these equations to eatiaate the CuiD values tor 

various shower-water tlow and bathroo• characteristics. In an 
' ' 

Australian ~urvey ot water uses, distril:»utiona ot avenge •bower-
- 0 ~ 

water tlow rates and duration were reported tor about 2,500 

households [25}. The qeometrie mean for the shower flow rates, 

F,, was about 1- L!•in (a])out 500 L/h), ancl .about 6 'min tor the 

shower duration, which will be apepifie4 as td, and typically 

taken aa 0.1 h. These values will be utilized hera to estimate 

c. values· usinq the above equa~iona. In a •tudy ot modarn houses 

in one heating season the geometric· .. an 'for air exChange rates 

was reported to be· o. 53 h-1 [ 13] • 'this value will be us*i for 
. 

the cathroam, along with a value ror its size, v., ot 10,000 L. 
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~ 
~ Thus, the F, for the bathroom ~ill be O.SJV,, or about 5,000 L/h. 

II Thus, for a shower period ot 0.1 h, or a decay period of 0.2 h, 

r with (F./V.)t values of 0.053 ancl 0'.115, respectively, the 

~,~ ~ 

·--· ·-----......... llllt"W... . • ............................................. ~~.,.;-
10 and 14 involves errors 

The a~ove equations·and data can be utilized to estimate the 

a~eraqe air concentrations to which people are eXpOsed in 

bathrooms clurinq and after abowering. Aa discussed earlier, the 

trac~ional volatilization rate in our shower experiments has been 

found to ranqe froa o.s to 0.9, depend~ng on the specific 

chemical, water temperature, and other factors •. For the purposes 

of estimating a typical value, we,will uae ant value of 0.75. 

Uainq Equation 12 and the tact that k equals ~· yields 

(18) 

one can use typical values for the variables indicated above to 

obtain 

c~MAX· • C.C o. 75) (!500) co .1) 110" • 3. 75x10-3 c, ( 19} 

The value for C_.w would be one•halt this, or 1.9xlo·3 c,. It is 

interesting to no1:e that Prichard.';and Gesell [10] :preclic:ted that 

for a five-ainuta shower uainc; 75' L of water and with 65% 

volatilization in a 30,000 L rooa~ the average radon air 

concentration woul~ be l.&xlo-3 ~~ 
' Silailarly, McCOne [9] modeled 

several.lov •olacular-weitbt organic• volatilizing vttb multiple 

t'Ulily use of a: bathroom in the early aorninq hours and 

calculated' typical bathroom air concentrations of !x10-1 ·C.· 
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such predic~ed air concentrations will be highly ceper.dent 

on a variety ot !actors, includinq the nature of the volatilizing· 

chemical, geometry and air exchange between the shower and 
~ ... ··~'-- ... -··-·'"-"" ~--·~ .......... ~ ........... __ , .................................... ...._.,.. .. , .............. ~.....,....__ ... ...._. .... ~~ ................ , ... ............., ... ,,., ... _ ........ _ .. ,~ ..... . 

surroundinq room, water temperature, and water.~low rate. 

Nevertheless, these can be assessed to determine the likely range 

of bathroom air concentrations that can be expected in homes. 

It is also of interest to estimate the inhalation exposures 
-

in the shover and bathroom, and compare them to the likely \.1 

inc;estion exposures. Inhalation exposure, ~ (mq), c:an be 

defined as the product of c., the braathinq rate, B (L/h), 

typically 1,000 ~/h for an adult, and the exposure ti~e, t. 

(20} 

·As an example, one can use this equation to estimate the 

exposures ciurinq a 0.1 h showerinq time, uainq the valu_e of c::..,.VG 

above of l.9xlo-~ c,. Also aa notacl above, durinq a 0.2 h period 

s~sequent to the •hover, the d~y will not be signiticant ,_ so 

that the c:_.1'i durinq this period can be taken to be <1ux, namely 

3. 75xlo-~ c,. Thus, one can calc;:ulate the ;!1 for the combined o .1 

h shower and 0. 2 b ilub•aquent period in the bathroom as the sum 

of two tar.aa uainq Equation 20, to .give 

E1 = r cM,.Jtl ~ + r c_.wat l d-q - (21) 

tnsertin9 the appropri~ta values, one obtains 

E1 = 1.875xlo·:a C.,(lOOO) (0.1) + 3.75~10-s C.,(lOOO) (0.2) · (22) 

:rhus, ! 1 has the value o. 94C,, wbere tJte units ot c_ are ~ss/L. 
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This is the inhalation exposure in the bathroom during ~~e showe= 

and sUbsequent to it while the bather remains in the bathroom, 
• '0 < • ,· I • • • •,• •· • ••' • • o •• -•- • • .. ~ '"· ... #' • •" ,.,., •.•• -~ "• '• • • ,.• • 

·and is approximately equivalent to the exposure·that would occur 

from inqestinq one liter ot the water •. However, several 

occupants of a home may take a shower during a period when the 

volatile chemical alr concentration in a bathroo~ has not decayed 

and builda up . to levels higher than·· one would predict for a 

sinqle bather. In that instance, the expoaures coul4 be 

sub•tantially hiqher than would be. predicted by the al)ove 

relationship. 

Siailarly, we have uaed a •imple predict.ive equation, 

baaed on a one-compa~ent in4oor-air aodel, to d .. cribe the 
I 

-range ot averag• indoor-air concentrations that are likely to be 

encountered rrom a chemical volatilizinq at an avaraqe rate of 

sot trom all water uses, as discussed above to be a typical value 

for radon. The relation•hip we have obtained tor the expected 

range of indoor-air concentration. is {7] 

c, = (0.1 to 5)xlo-• C.. (2J) 

where c, ia t.be avuag• indoor-air concentration ('IDCJ/L.} , 

qenera~ec! by the corraponcUnq ave.rac;re water concentration, c,. 

(aqJL). 'ftl1:111, for example, a vater concentration of 1 Dq/L 
. - . 

WOUld be expe¢ad to qenerate between 1Xl0"'5 to 5x1o"'• ac)/~ 

averaqe air concen~ation ~n the lioae. Tbia, ot C:OQ.I"aa, do-. not 

addreaa the time and space variations that will be encoUntered 

.throughout the day in the home. It is intera•tinq to note that / 



Nazaroff et al. [l3J hava si~ilarly made estima~es of ~he likely 

indoor-air concentrations of radon for u.s. homes by the water 
• ' ~ '• • ... # .. • • • • ... '• : ........ ~ ·'" ....... ~· • •• •• • ~ ; • ... • • • •• 

volatilization.route. The geometric mean in their factor-

·'~ .... _ .... --·~···~ ···"-~appllcahle"to .. J:quation ... 2J··is-o·:-65Xl'0 .. 4;-'W"i~J:n our·ranqe~----···~· 
prec:lictacl values. Also, their range ot one standard deviation 

aroupd the mean corresponds to th~ tollowinq equation 

c.·= (0.23 to l, . .S7)xlo·• c, (24) 

also within our predicted r~nge. McKone [9] has similarly '-' 

estimated household air concentra~ion for several volatilizing 

chemicals. predicting an averaqe c. ranqinq troa 2x1o·' to 1.2xiQ·• 

mqJL 'in air for a C. of. 1 1l9/L -in water, also vi thin the ranqe of

that ~redicted by Equation 23. 

one can use these air concentration predictions tc estimate 

the likely inhalation exposures, lu tor an aclult:, duri_11q a ~4-

hour residence period in a house. Combininq Equations 20 and 23 

one obtains 

E1 • (O.l to 5) (lO--} (1000) (24) <;, • (0.2 to lOJ C. 
..__/ 

(25) 

Since the C. units here are mass/L, a 1 Dg/L water concentration 

corresponda to a J:&ft9e ot inhalation expoaur•s of 0. 2 to 10 mq _ 

per day, in ~ampariaon to 2 mq per day for the inqeation of 2 

liters of that water. It should lHt :noted that tbesa inhalation 

exposure eatimate• do not include tho .. tbat would occur at the 

point of ·wat•r use, auch as durinv. •howerin9. Aa diacwtaed 

~ve, the latter exposures can be ccmparabla to those from 

direct ingestion. 



Ther~ is a remarkable consistency in ~he above range of 

lik~ly predic-t;ecl_ av~raq~ ~ndoor-a!r. c;oncentrations .. frem t."le ·· 

totality ot indoor water sources. Heverthelass, thare are a - .......... - ·-·--~~ ......................... '5~--~-~---·.-..-....., .. ..,.....,. ....... •. J ...................... -~·~~............,.-.............. -..-.-.. .. - ... ~-·-··-- -·~_,,.., -- ·-··,.. . 
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number ot factors to be considered in refining these estimates · 

a.rui developinq a usetul and aiaple predictive relationship that 

can be appliecl by these responsible· tor exposure assessments in 

sgecitic situation•. They can be cate;orized as follows: 

a) chemical characteristics that aftect the rate and extent 

of volatilization, includinq,•oap and deterqent usa 

:b) water uae factors that affec:t the •source ~ s~r~gth,• ancl 

its time and location vari~ility 

c) chemical characteristics that ift~luanc•.tb• behavior and 
. . 

interactions ot_ the volatilized ch .. icale with •sinks•, 

typically hiih surtaee al'ea lll&teriala in the hOllle; also the 

specific natura, aaoun~s, and locatioaa ot these sinks 

d) house s-t:ructure and indoor-air flov reqbaes that 
I 

'transport the volatil1ze4 chemical• throuqbout the home 

e) ,personal ~ebavior and boa• occupancy factors that 

dateraina an individual's exposure. 

The ai~la·indoor-air models •antioned above generally are not 

sufficiently specific to adc:lrua all the above :taetors, al~ouqh 

they can aDd have been . .valuated for soma indoor-air pollution 

sourc .. other than thoaa frt;a watar [26]. 

The potential· interactions between 8U1"facaa in homes and 

1 orqanic vapors released tra. water into indoor air have not been 



studied and need to be evaluated. For some ehemicals it ~ay t~ 

appropriate tc incorporate these interactions into the 

volatiliza~ion,· i~do9r-~~-r expQsure model.·. ~One study· of ·the· 

interaction ot volatile orqanic cheaicala with materialt~~.e.d • .in-
~.-....~ ......... - ........ ~......-.r~..-.··---. . ... ~ .. -' .. -...... _ .......... _ .. , ...... -·-~- ·~-.. .. ~-.....-:-...... ~ _........, ...... ._..,._ ....,_...,..~....... . . 

·-·-· ... -.. ,. the home exuined three surfac;es (27): plyvood, nylon c.-rpeting, 

and wool earpetin9. The·atudy focused on twenty volatile orqanic 

chemicals, including alkanes, aromatic•, alcohols, eaters, 

ketones, aldehydes, terpenea, and chlorinated hydrocarbons. They 

showed clear interactions between the 9aseous orqanic cheaicat!f 

and tha surfaees. For example, in_ one expe~iment wool carpeting 

became essentially saturated vith lindane within about one day. 

ln order to determine the role ot such •atnx• interactions 

·there are three bread question• that need to be addressed: 

l) Which'clasaes of organic/surface systems demonstrate 

significant sorption effects? 

2) What are the ~appropriate equilibriWII and kinetic models 

for the sorption process tor the orqanicjsurface systems ~ 

interest? 

3) Bov can this equilibriWil and kinetic information be 

inC9rporated into a water-volatilization, inaoor-ai~ quality 

model? 

VOC's have- the potential for causinCJ substantial human 

exposures from indoor uses of contaminated water by non-ingestion 

~~~-:..-:-r-. ...,..---.~""r'"" ~-----"'"' ... ·-·· . --·--·~ .... - .... 
··-... ---- ... ~ -- ·-·---- ·-·· ..... ··-··----
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routes, namely inhalation following volatilization from water, as 

well as by skin contact. The latter exposures have been · ·.· .......... · . . ..... . 

estimated to be comparable to thos• from direct ingestion of 
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Measurements in homes_ have shown that VOC's can be detected 

in indoor air following the use o!·contaainated vater. scaled-

down and full-size laboratory bath and shover studies for auch 

,VOC' s as chlorefor: a.~>tci trichloroethylene have shovn th~t a 

variety ot factors can attect the extent ot volatilization, !ound 

tg be typically in the ranqe of 50 to 90t. Th••• include the 

' nature of the volatiliz in; cheDical, wate~ temperatura, a!r and 

water flov ratea, and nature of the water uae (e.g., bath versus 

· shower) • 
• 

The Henry's law equilibrium constants, H, pr•dict that even 

chemical• with low vapor pressures •ay be expected to volatilize 

substantially, pravided their water solubilities are also,low. 

Thus, •o-c;alled •emi•volatile organic ch•icala have the 

potential to volatilize and qausa inhalation exposures. Also, 

. ch.micals vith varying R valuea may neverth•l••• volatilize at 

comparable ratas. 

XodeliDg and estillatu of inhalation expo.uru ,to VOC' s 

indicate that for th• bather these exposure• dUring ancl directly 
•I 

a~ar a ahoWer c:an be ccqaparabla 1;o that troa direct iftCJ .. tion at 

the contwnatad water. Also, when all vatet ueea are 

considered, the inhalation exposures to all inhabitants of a home, 
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~ay be substantially l~~qer tr.an ~~a~ !=o~ direct ir.gestion, even 

without considerinq the inhalation exposures at the point of 

water use. Ho·•ever, ad.aitional research is required to more 

·· ·· - · .. · ·· ...... ·-·· ·specif-ically ··and--precisely -quanti f.y-these .. ~.o.eur.-.s .. .t2.....tn..c:;9~P~~-~-- - .. _ 

the full range of heme char.acteristica, as well as personal ~ate~ 

uses· and occupancy factors. 

' 

Because the non-ingestion exposures to VOC'a in indoor ~ater 

uses are likely to be comparable to or qreater than those troa 

direct inqestion, it would be prudent to consider this in 

establishin9 r89Ulatory limits in drinking water, as well as the 

need to restrict all indoor .water uaea When. it is judged that 

there is a significant health risk fro• the·direct ingestion of a 

contaminated water. 
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Appendix B: Assumptions nod Uncertainties 

Equation (4) does not account tor the concentration of the cbemiol in tht' air 
~maining from previous showers taken by other D:lembers o~· the famil~·. 

The use of Equation (4) also assumes that (F jV)t, where .F1 is the air flow r:l te~ b 
small compared to llllity, which implies that the relationship between· concentration 

•• ~·· .......... ,,, ...... ow •• -..-.....a .... -.- ... -l ... llii .. ,. .... -. .,-.-... --··~-"""' ··-...... -... --.... ., ... ..,_... - ..... - • mall' an time s ear. - ----.-·--···~· -~ .. A-·--·--·-· .... · 
Equation· (4) also assumes that C,/f1 during the course of the shower is small 
com~red to C,..; whicb implies that the volatili7.ation rate in the shower i's constant. 

The use orEquation·(6) assumes that tFJ2V~ is small compared to unity so that the 
concentration during the decay period afte-r the shower, Ca.\'v~, can be approximated 
by eM.\.'{· 

The exchange ~tween the air in the shower chamber and that in tbe bathroom is so 
rnpid thAt the combined volume of these nro compartments ean be treat~d as a single 
chamber with a sin2le concentration or volatilized chemicaL 

• Equation (4) does not a~ount for ttc exchange rate that occurs when an exhaust fan 
is turned on. Modeling raults using the Model tor Analysis of Volatiles and 
Residential Indoor-air Quality (MA VRIQ) indicate that exposure is reduced by 20 % 
'if exhaust fan is used. · 

The rnnge ofvolatili2ation fraction in Table 1 is based on experiments conducted with 
trichloroethylene, c:hlororonn and dibromoc:hloroPropaDe. The relationship between 
these volatilization rates, Henry's Law Constant and molemlar weight is not known 
yet. Summarized below are the experimental results for these three chemicals under 
approximately the same .conditions .. 

Chemical T (°C) H (unitle5s) % Volatilized 
I 

Trichloroethylene 46 1.14 81.8 
Chloroform 42 0.35 56 
Dibrumuchlorpropane 42 0.03 12.8 

Equation (8) treats the whole ~ouse as one compartment mod.el. 

.• 
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